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--e-COme true 


The prophetic statement of Archimedes 
... “Give me a lever long enough, a 
fulcrum strong enough, and a place to 
stand on — and I can move the world”, 
has come true, due to the miracles of 
modern Petroleum Technology. 


Modern Hydraulic Fracturing of sub- 
surface reservoirs containing oil and 
gas, actually lifts the overburden of 
earth, and permits a more productive 
flow into the well bore. 

Halliburton was and still is the pioneer- 
ing leader in this ever-expanding tech- 
nique to make possible a “movement of 
earth for greater profit’, through for- 
mation fracturing. 


Oil WELL CEMENTING COMPANY 
DUNCAN, OKLAHOMA 

























a 







SPECIAL EXPLORATION REPORT—1960 

Coordination of geology and geophysics pays off 
A. T. Dennison and Harry R. Warman 

How to make geochemical exploration succeed 
Dr. S. J. Pirson 

Why sedimentary structures show high self-potentials 
Orton E. Campbell 

Gravity-photogeology method boosts accuracy, 

cuts costs 

Virgil L. Whitworth, Edward F. Haye and 
Thomas M. Lindholm 

Palynology has important role in oil exploration 
William S. Hoffmeister 

Electronic computers aid many exploration phases 
Edward J. Assiter 

Magnetic orientation of cores aids oil search 

How to do refraction work by remote control 
Pascal Vetterlein 


CURRENT OUTLOOK 
Looking ahead 
Editorial: Exploration—a weapon for peace 
Ben H. Parker 
The changing panorama 
Petroleum trends in the United States 
Drilling activities 
How high are Free World search, development costs? 
U.S. hydrocarbon reserves set new record 
Don E. Lambert 
U.S. gas reserves increase 3.3 percent 
Mexico is expanding its oil industry 
L. J. Logan 


DRILLING 

New type rotary rig proves successful 
S. Lechler 

A new record—10,487 feet of 13%s8-inch casing 
Jack F. Earl 

Geological evaluation of aerated water-drilled wells 
Paul L. Gassett 

How to stabilize long exposed shale sections 
Walter J. Weiss, Wilbur L. Hall and 
Richard H. Graves 


PRODUCTION 

Production Practices Manual: Three-phase separators 
Wilbur F. Broussard and Charles K. Gravis 

How an artificial lift study can save you money 
Robert W. Drake, Jr. 

Evaluating Marshall’s formula for permeability 
G. H. F. Gardner and J. H. Messmer 

How to reduce down-hole corrosion with inhibitors 
Jack P. Stanton 


INTERNATIONAL 
Renewed search for oil planned in Jamaica 
Edward A. Koester 


DEPARTMENTS 
Practical operating hints 62 New Books 
Your industry at work 199 Trading post 
Men in the industry 208 What's new in equipment 
Associations 217 


’ ; N i 
Who’s meeting where 220 ew equipment catalogs 


Suppliers’ notes 222 
Squeaks from the bullwheel 230 Advertisers in this issue 


and literature 


87 


93 


97 


99 


101 


105 
112 


114 


15 
25 


29 
117 


119 
121 


122 


124 


134 


14] 


154 


127 


137 


150 


184 


174 


234 
236 


244 
248 


Established 1916 as The OIL WEEKLY® 


A Gulf Publishing Company Publication 


A Quick Look 


at this issue 





Coordination of geology and geophysics pays 
off . . . Here are the more important recent im- 
provements in geological and geophysical methods and 
tools, and how different approaches are being combined 


to offset limitations of each. Technicians are not only 


finding better ways to explore for oil individually but also 


how to work together more effectivels Page 87 


How to make geochemical exploration suc- 
ceed . . . Geochemical approaches, when coordi- 


nated with veoloe, and geophysics, vield eood results 


Like other oil search tools, geochemistry is of limited ust 
by itself. New concepts, and a synopsis of previous geo- 

A ‘ 
chemical research are combined here Page 93 


Why sedimentary structures show high self- 

potentials . . . Years of surface and telluric elec- 
trical survey work indicate that domal sedimentary struc- 
tures show high self-potentials, measured horizontally at 
the surface. Isopotential contours on closed structures 
provide pictures similar to subsurface structural contours. 
Earth currents, operating by electrolysis, produce observ- 
able anomalies Page 97 

Gravity -photogeology method boosts accu- 

racy, cuts costs... ( oordination of photogeology 
and gravity methods improves efficiency of both. Most 
oil fields show some surface expression detectable on 
aerial photos, even in extremely low-relief topography 
oravity 
Page 99 


Such photo anomalies can be verified with 


surveys 


Palynology has important role in oil explora- 
tion . . . Palvnology is one of the most significant 
exploration tools developed during the past decade 
Classification and correlation of ultramicroscopic fossils 
determines locations of ancient shorelines and other strat- 
igraphic traps, more favorable areas and facies for oil 
and gas accumulation Page 101 
Electronic computers aid in many exploration 
phases .. . Geologists and geophysicists can im- 
prove their work output through use of electronic data- 
processing equipment. Computers and other electronic 


data-processing gear are useful for geologic and seismic 
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QUICK LOOK confinued 





and nuclear well log interpretation, 
Page 105 


mapping, electrical 


and other functions 


a Magnetic orientation of cores aids oil 
search . . . Configuration of sandstone lenses and 


1} ] ] } lig } : 
regional sand OdIesS Can A 


indicated by a minimum 
number ol wells trom which sandstone cores are ana- 
lvzed as to magnetic orientation. Work on outcrops ol 
different geologic ages has shown positions of maeneti 
north through post-Paleozoic times, providing meaning to 
Page 112 


magnetic core orlentations 


How to do refraction work by remote con- 
trol... A remote control refraction system to scan 
large, remote areas quickly with a minimum number of 
men utilizing readily portable equipment has been used 
in the field. A special application of this system is found 
in offshore operations Page 114 
How high are Free World oil search, develop- 
ment costs? ... Have vou ever wondered just 
how much money is spent in the worldwide oil search? 
The Chase Manhattan Bank has provided some interest- 
ing answers, following completion of a recent study on 
over-all oil industry expenditures in the Free World. . 


Page 117 


Liquid hydrocarbon and natural gas reserves 
L] at record high . « « Proved recoverable crude oil 
and natural gas liquids reserves totaled 38.2 billion bar- 
rels last December 31, up 1.5 billion barrels over 1958 


a 13.3 year supply at December 31 production rates 


These are just a few of the timely, informative statistics 
included in the latest annual American Petroleum In- 
stitute-Ame rican Gras Assoc lation report on LS. reserves 


starting on Page 119 


Mexico are being 


Mexico is expanding its oil industry. Al! phases 
LJ of petroleum development in 

vigorously expanded. The expansion is necessary in 
abreast of the country’s 


Page 122 


order to keep the industry 


sharply increasing demand for oil and gas 


of the Production Practices Manual discusses the 


C] Three-phase separators . .. Jhiis final section 
three basic control methods for three-phase units and 
includes charts for determining liquid capacity of three- 
phase horizontal, vertical and spherical vessels. . Page 127 
CI A new record—10,487 feet of 13°s-inch cas- 
ing . . . Union Oil and Gas Corporation recently 

ran this record length of casing in its Ursule A. Simon 
La. For a complete discussion of 
Page 134 


well south of Crowley. 


this operation, turn to 





Because of enthusiastic reader response, all 10 
Parts of WORLD OIL’s Production Practices Man- 
ual on Producing Equipment for Natural Gas Wells 
soon will be available under a single cover at $] 
per copy. Place your order now. Address: Reprint 
Department, WORLD OIL, P. O. Box 2608, Hous- 
ton, Texas. Discount prices for quantity orders 
available upon request. 











An artificial lift study can save you money ... 

A thorough study of the various types of lift con- 
ducted prior to installing pumping or gas lift equipment 
in the first well on a lease may save an operator thou- 
sands of dollars during the life of the lease. This artich 
presents a procedure for evaluating the various types of 
artificial lift 
lift .... Page 137 


rod pumping, hydraulic pumping and gas 


A geological evaluation of aerated water- 
drilled wells ... Aerated water drilling is a rela- 
tively new adaptation of the rotary method. Gulf Oil Cor- 
poration, having used both fresh water and sea water in 
a number of widely separated areas, has enough experi- 
ence with this drilling approach to discuss its merits 
thoroughly Page 141 
Evaluation of Marshall’s formula for perme- 
ability . . . When experimentally measured per- 
meabilities were compared with calculated values 
determined by Marshall’s formulas it was found that the 
calculated absolute permeabilities were too low by a con- 
How- 


ever, ideas advanced by Marshall were used in deriving 


Stant factor and relative permeabilities too high. 


modified formulas which produce results that agree more 
closely with measured permeability values Page 150 
How to stabilize long exposed shale sec- 
tions . . . As well depths increase, the stabilization 
of the longer section of exposed formation imposes 
severe load on the drilling fluid. Extensive laboratory 
evaluation of the shale controlling fluids have been un- 
dertaken between the mud, mud filtrate and formation 
solids. This article discusses these various parameters and 
how different mud systems are used to combat long ex- 
posed shale sections Page 154 
Cl Search for oil is planned in Jamaica... [i 
British island of Jamaica in the West Indies is due 
to be explored and tested by drilling within the next 18 
months by Jamaica Time Petroleum, Inc., of Wichita, 
Kan. Recent geological work has revealed encouraging 
veologic sections . Page 174 
How to reduce downhole corrosion with in- 
hibitors . .. Although a number of corrective meas- 
ures are available, properly applied inhibitors have been 
found effective in reducing corrosion problems. This ar- 
ticle describes downhole corrosion problems and presents 


.. Page 184 


21 methods for applying inhibitors. . 


Coming in June ... Southeastern U. S. Issue 
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Oil Industry In Brief 


Here are the latest industry trends, 
revealed by WORLD OIL research: 


Demand Down. During first two months of 
1960, total demand was down 2.5 percent 
from same 1958 period, and domestic de- 
ind was off 2.3 percent .. . See Page 





mé 
20 6 


Inventories Up. Distillate stocks to- 
taled 105 million barrels at February's 
end, up 25 percent over year ago totals. 
- « « See Page 25. 





Gas liquids production up. U.S. pro- 
duction of natural gas liquids aver- 
aged 922,000 barrels daily in January- 
February, for a5 percent increase over 
Same month in 1959 . . . See Page 25. 





Imports down. Total imports were down 
11.9 percent during January-February, 
averaging 1,955,000 barrels daily, com- 
pared with 2,218,000 last year. . . See 
Page 25. 





Well completions down. Average of 121 
wells per day were completed during Jan- 
uary-February, down 1l percent from 
136-wells=-per-day average during same 
1959 period... See Page 29. 





Rig totals down. The 3,582 drilling 
rigs operating at February's end re- 
flected a 337-rig drop from the total 
operating on January 3l, and 273 rigs 
less than were operating on the same 
date in 1959 .. . See Page 29. 





Footage down. Operators drilled an av- 
erage of 482,759 feet of hole per day 
during February, down 62,241 feet per 
day or 11.5 percent from January aver- 
age . . « See Page 29. 





Wildcatting holds steady. Operators 
drilled average of slightly less than 
<6 wells per day during January-Feb- 
ruary, compared with slightly more than 
26 wells per day during same 1959 period 
- « « See Page 29. 














APRIL 1960 WORLD OIL 


= 
Ray L. Duprey, Founder, 1891-1957 

Weare G., TOBE. g6 ooo ccs cksockacdaensdceeaneas Publisher 
nse © Rises 5c occ eicewscesccwascds Editorial Director 
Bis Te PRR ood akeash doses sedeasameasees Associate Editor 
Don E. LAMBERT. «0.662504 Associate Editor, Current Outlook 
Wattdce: DivcGRGatn. ...... 0 cicvscaccccsscowas Managing Editor 
ee kA 2 a er re rer Engineering Editor 
ie kts ivekins udev dded nada Engineering Editor 
Hanntsos: T. BAUNBACE........02sccccesevds Exploration Editor 
Cree WE, TRON soc oo oso teonears Western District Editor 
ANTHONY GIBBON. ....5 0000000000 Mid-Continent District Editor 
De CIN So ko oo. 6556s Sew caewcseees Presentation Editor 
PO MOR an cdc oeradadcicanseaeoaon Editorial Assistant 
DE PE oc oskancncenscnisiaomweasaans Editorial Assistant 
DIGTOEES, TIETMORIE so .6.6 iic.a so sccniscsb0s 55000 Editorial Assistant 
CAD DOU MSEAME ioc cccndsccsedvarsaasas Editorial Assistant 
Wirice BE, CROMRGED. «o.oo ci isidn ccc cs casscvcsesees Librarian 
Yb we 
</ 3° 
ip: WORLD OIL 
*Coust™ Is Published By 





GULF PUBLISHING COMPANY 
Executive Orrices: 3301 Burrato Drive, Houston 
Cable Address, Gulfpubco, Houston 
World’s Largest Specialized Publishers to the Oil Industries 


WORA TG, THIS i igo dicinkcccsadscaccucnsmaeasdena President 

OM TE, POOR 66.5 abs cineca caasadonsee Vice Pres.-Gen. Mgr. 

i. Te ME IN boos pbs ew emmiarwsan Vice Pres.-Asst. Gen. Mgr. 

Nenaot: 5... RIGRGOW . oo.oocc cccscccccecowsn Vice President Sales 

i PO ik oie chic cencasssteasen Vice President 

i Ee, HG 34 on teaieninia'n os aaa eciaa. eran amar arteeen Treasurer 
ADVERTISING 


Nelson L. Bigelow, Advertising Sales Manager, Houston 
Houston (1)—P.0O. Box 2608 
Charles Wyatt, C. A. Davis, Cecil W. Smith, 
Phone JAckson 9-4301 
Summit, New JeRsSEY—382 SPRINGFIELD Av! 
Sam Sorrell, Phone CRestview 7-1221 
CLEVELAND (16)—20800 CENTER Ripce Roap 
Bill Westfall, Phone EDison 3-1650 
Cuicaco (46)—6039 N. Cicero AVENUE 
Al Seymour, Phone AVenue 2-4333 
Los ANGELES—1810 Fair Oaks Ave., SoutH PASADENA 
Jay Curts, Jim Merrill, Phone MUrray 2-3518 
Tusa (3)—916 ENTERPRISE BUILDING 
Jim Isaacks, Phone LUther 2-9211 
Datias (8)—1808 Sytvan Drive 
Ed Thompson, Phone Rlverside 7-7344 
Lonpon, ENGLAND—120 Moorcate, E. C. 2 
Frank Chambers, Agent, Phone MOnarch 5661 
HeERFoRD/W., GERMANY—ORTSIEKERWEG 59A 
Gerd Hinske, Phone 4990 


Advertising rates on application. 
SUBSCRIPTIONS 


Reilly, Circulation Manager, P. O. Box 2608, Houston 1, Texas, 

USA. Single copies 50 cents (except special issues). Double prices for 
single copies re: —— é. year old. Subscription rates: both foreign and 
domestic = right 1960 by Gulf Publishing Com mpete, 
WORLD OIL a THE © One WEEKLY are registered trademarks of 
Gulf Publishing Company, Houston, Texas 

Postmaster. Send notification (Form 3579) regarding undeliver- 

able magazines to WORLD OIL, Box 2608, eastes 1, Texas. 


GPC PUBLICATIONS 


WORLD OIL (formerly The Oil Weekly) and The COMPOSITE 
CATALOG for the drilling-producing industry. 

PIPE LINE INDUSTRY and The PIPE LINE CATALOG for the 
oil and gas pipe line industry. 


PETROLEUM REFINER and The REFINERY CATALOG for the 


oil, gas and petrochemical processing industry. 


Indexed by Industrial Arts Index and Engineering Index 








cw 


- See 


- ~ oe ~ atthe . ~ 
SA OS eS et A A eT ae 
PE RS Os ome ow ot gH 

ne eel — Kane Cent enmeineing, og oy 
, en er ee) 

oe 5 “ . — 

pain _ amas ~_—"--—— i. aan °. 

ee a 

p ae nat <n 


ag oatretamRAE gM -" 


al 








“We have Ford Trucks cite ean 


President 


with 101,090 to 146,436 Rayflex Exploration Co 


Dallas, Texas 


6 
off-road miles and ‘ 
r q mi an Done seismic work for the petroleum 
companies in their search for new oil fields | 


° LA 
no major repairs takes our crews far from any road. Our | 


trucks must follow a line cross-country, 


regardless of the terrain. And Ford Trucks 


lex Exy ( f Dallas : 
ECE, RE OE come through where the others won t. 

ont thre | nited St tes trom ( anada to 

the Gulf, and operates overseas as “We have 46 Ford Trucks from pickups 


all Ae tn tent tien 0 Paen eau a. . . 
= e i & Rae Seven to heavies. The Ford Pickups are used as 

CTe\V Iti lie eid 
. survey trucks and personnel carriers . 
The trucks shown labour )are two iq 

( { the company s Ford 2 600's 
equipped with HD V-S engine, 4- 


] * 5 
speed transmission, 2 spec d rear axle. 


two-tonners are shooting trucks, recording 
units and drilling trucks... the Ford F-800 
Heavies carry an HD 1000 combination 





special grille guard, winch and non- 





spin real axle. air-and-water drill. 


6 For more data on advertised products, use Readers’ Service Cards, last page WORLD OIL APRIL 1960 








Looking Ahead 


WORLD OIL 
APRIL 1960 





What’s new in exploration .. . New vibratory method of exploring the subsurface has been 
revealed by Continental Oil Company. Impulses created by vibrators are reflected by sub- 
surface horizons and record in similar fashion to seismograph impulses. Method is particu- 
larly effective in areas where explosives are forbidden, or where shot hole drilling is not 


practical. 


Helicopter adaptation of “thumping” method is in the works. Velocity studies are being 
made to develop unique version of weight-dropping exploration technique. Heavy (500 
pound) concrete weights have been dropped from helicopters, reportedly from as high as 
1,000 feet, in Canada hinterlands. Objective is to provide enough energy from single 


weight drop to give adequate signal-to-noise ratio. 


Accurate subsurface stratigraphic data from seismic interpretation is on the way. In West 
Germany, drilling has borne out seismic correlations of Bentheimer sandstone across a 





fault and to the feather-edge. Use of broad band filters, tapered shot patterns, and greate1 
than normal number of jugs made this interpretation possible. 


Airborne gravity meter is being developed, aided by recently-perfected automatic Doppler 


navigation technique. 


Looking ahead in Washington . . . American Petroleum Institute President Frank M. Porter 
says proposed Fuels Policy Study not only is totally unnecessary, it would merely duplicate 
other studies already underway. He adds: “It is API's belief that this nation’s policy of 
competition is simultaneously a national fuels policy.” ...Oklahoma Representative Jarman 
has called for all presidential candidates to make a clear-cut statement of position on 
major issues affecting the oil and gas industry ... Move to hike minimum wages to $1.25 
an hour is now being heard by Landrum subcommittee, with several oil company repre- 
sentatives on hand to express their views ... Look for complete agreement of all natural 
gas producer groups on new substitute natural gas bill in near future . . . BuMines has sug- 





gested cut back in crude runs to stills during April so inventories can return to more logical 


levels. 


U.S. reserves at all-time high ... Latest API-AGA reserve report reveals U.S. liquid hy- 
drocarbon reserves totaled 38.2 billion barrels last December 31, up 1.5 billion barrels over 
same 1958 date. However, ratio of reserves to annual production decreased slightly, from 


13.5 years’ supply to 13.3 years. Natural gas reserves were up 3.3 percent to 262.6 trillion 
cubic feet. (See Pages 119-121.) 


What it costs to produce helium .. . BuMines has opened Washington files on its helium 
private operators can determine cost of processing helium-bearing natural 


operations, S( 
gases. Bureau's new plant at Keyes, Oklahoma produces helium at a cost of $8.57 per Mcf 
| 17-year-old plant at Exell, Texas produces 240 MMcf annually at $9.88 per Mcf. 


BuMines currently is selling helium to other government agencies for about $16.00 per Mcf, 
and to non-government purchasers for $19 per Mcf. 


Now you can see down-hole casing damage .. . Sterco photography, long used for 
inspection of casing damage and corrosion in water wells, now is being adapted to down- 
hole inspection of oil wells. An electrically operated camera, carrying its own light source, 
is lowered into well on electrical cable. Special techniques are used when camera is oper- 


ated inside an oil column. 


More than 100 stereo frames can be made on single run. Corrosion damage, collapsed 
pipe or position of fish, are much more easily examined and repaired. And you can have 
your choice of seeing the bad news in color or black and white. 
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Good Wells Make Good News 


A Report on Recent Engineered Acid Treatments 





April 1, 1960 . 
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® Lea County, New Mexico ( Old Oil Well) This well had depleted the 
McKee sand and was plugged back and re-completed in the Abo limestone 
from 7122 to 7226 feet. Core analysis showed iron compounds to be 


present. Dowell recommended Stabilized Acid to prevent the possible 





precipitation of gummy iron hydroxides. 6000 gallons Stabilized Acid 
were injected. Perforation ball sealers were used during treatment. 


Production increased from a show to 200 bopd (with no water) through a 
/64th-inch choke. 
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Engineered acidizing by Dowell helps you improve profits by getting maximum 

urn from your acidizing dollar. or service or detailed information, 

tact the Dowell office or station nearest you. Dowell services and prod- 

ucts are offered from more than 150 locations in the United States, Canada, 
, 


rm 7" 


nezuela, and Argentina. Dowell, Tulsa 1, Oklahoma. 
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GUEST EDITORIAL 





Exploration — a weapon for peace 


By Ben H. Parker, President-elect, AAPG 
Frontier Refining Company, Denver 
GroLocy—the firm foundation for sound petroleum 
xploration—has been so effective in pointing the way to 
adequate reserves that some people have questioned 
whether the petroleum industry may not be in jeopardy 
because of the magnitude of world crude reserves and 
productive capacity. In this period of rapidly varying 
degrees of cold war, the political effect of these expand- 
x reserves as well as the adequacy of available petroleum 
for possible military needs must be given consideration in 


any appraisal of exploration requirements and programs 


Since the first application of the anticlinal theory to 
the scientific search for oil and gas more than 75 years 
vo, geology has been utilized so successfully in oil-finding 
that many facets of civilization—-especially transportation 
have been revolutionized by use of the abundance of 
whi h has bee n discovers d Until two ol three decades 


ro, reserves and productive capacity were largely cen- 


tered in a small number of geographic areas and were 


ereat measure controlled by a few nations. 


Such concentration of oil, both 
ietary, gave rise at times during the past few decades 


to the development of national pressures for shifts in 


geographic and pro- 


political controls of reserves and production. In fact. 
ese demands were important factors among the com- 
lex causes of the two world wars and at other times 
ive been extended to limits seriously endangering world 
peat 
In view of present anxieties concerning world peace 
nd these nationalistic demands tor access to petroleum 
reserves, a question naturally arises concerning the effect 
at aggressive exploration may have had and may still 


have on national security and world tensions. 


Many nations have reserves. [lic enormous wartime 
demands for petroleum have been met as they have de- 
veloped, but the highly successful results of geologically- 
directed exploration are no less outstanding as a force 
for peace than as an essential requirement for modern 
warfare. Where, only three decades ago. less than 20 


countries were capable of producing more than a million 
barrels of crude petroleum annually, now more than 40 
nations sustain annual production in excess of that 
amount. During the same period, as a result of scientifi- 
cally-directed exploration, world production has increased 
almost fivefold from less than a billion and a half barrels 
annually to about 7 billion barrels. 

The true importance of this great increase in produc- 
tive capacity, which at times seems to threaten the eco- 
nomic stability of our industry, lies not in the magnitude 
of the expansion but in its effect on large segments of 
the world’s population and the resulting changes in na- 
tional control and geographic distribution of reserves and 
production. No longer is it necessary for many of the 
peoples and nations, petroleum “have nots” only one or 
two decades ago, to depend entirely on foreign sources for 
petroleum. No longer can one world power aspire to 
acquire the petroleum productive capacity of a few im- 
portant producing regions (or even of one hemisphere 
and thereby be in a position to control effectively the 
liquid fuel supplies essential to the needs of its potential 


enemies. 


With the vastly broader geographic distribution of 
crude reserves and production which have been discovered 
and developed within the past thirty years there is much 
less strategic importance attached to the petroleum de- 
posits of any one nation. Consequently, there has been a 
reduction in pressures for realignment of political domin- 
ion of these reserves. 

Che geologist and other exploration personnel follow- 
ing him have, with their success in oil-finding, assured 
the ample reserves which may already have dampened 
and tempered the recent demands for changes in juris- 
dictional control of reserves which have and could en- 
danger world peace. In reality, the profession of petro- 
leum geology through its success in the direction of the 
search for petroleum deposits may have provided one 
effective deterrent to war and may indeed have made 
exploration an effective weapon for peace. 


About the Author 


Ben H. Parker is president-elect of The American Association of 
Petroleum Geologists. His installation as president will take place at 
Atlantic City, N. J., during the joint AAPG-SEPM annual meeting, 
\pril 25 through 28. Parker is vice president and director of The Fron- 
tier Refining Company, Denver. A native of Oklahoma City, he holds 
degrees from the Colorado School of Mines and an 
LL.D degree from Colorado College. His oil industry career includes 
geological posts with Marland Oil Company, Gypsy Oil Company, Gulf 
Oil Corporation, and Yacimientos Petroliferos Fiscales 
before he became vice president of Frontier in 1942 and director in 1951. 
faculty of the Colorado 
School of Mines, and has served in various civic and state governmental 
posts related to geology and engineering. Parker is a fellow of GSA, and 
a member of AIME, API, the Mining and Metallurgical Society of 
America, and the Rocky Mountain Association of Geologists. 


E.M. and D.Sc. 


He has also been associated with the geology 
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Whats Behind The Casing... 2 
is t+ OIL or WATER § 


Your Answer... 


ee ae 
Beaty Meaig itt 


ike ae Poe 


For a long time you've heard others talking about 
oil field Spectrometry — while PGAC perfected 


With new instruments of high sensitivity to Chlorine effect, 
PGAC’s Spectral Log determines the presence or absence 
of Chlorine in formations. Since the absence of Chlorine 
in a possible producing horizon usually indicates the pres- 
ence of oil—and vice versa —the running of a Spectral 
Log is obviously a profitable investment for every operator. 


Actual Tests Proved . 


PGAC's Spectral Log 
0% EFFECTIVE 


Write today for your copy of the detailed 
report on Spectral Log field tests. 


gpa Geo Atlas Corp. © 


7730 Scott Street, Houston 21, Texas—Phone REpublic 4-1651 pM i / 
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THE CHANGING PANORAMA 





Lagging demand weakens markets 


petro- Helping to depress residual con- 


I 
1960 can largely ex- 


DEMAND 10 


DISAPPOINTING 


eum products in sumption was the fact that because of 


plain the persistence of weak markets, — relatively mild weather, many indus- 


nancial trial consumers were able to gO on 


iow pr es, and unsatisfactory 


results in the industry. ising natural gas instead of having to 


In the first two months of 1960 switch temporarily to oil during the 
total demand for petroleum was 2.5 Winter, to release more gas for residen- 
percent lower than in the like months tial and commercial use, Ordinarily, 
of 1959. Domestic demand was off residual must substitute importantly 
93 percent and exports showed fur- for natural gas at industrial plants in 
ther contraction wintel 

Lower demand in 1960 has re- Gasoline demand has held up rela- 
flected primarily the relatively light Uvely better than demand for other 
consumption of distillate fuel oils. ker- produc ts, but even it has been disap- 
osine. and residual fuel oil. due to pointing. Daily average demand fot 
milder than normal winter weathe1 gasoline in January-February 1960 
Yaily average demand for distillate was | percent less than in_ those 
rut In Jan ary and February 1960 months a year ago. 
was 8.3 percent smaller than in those 


Supply. \\Vhile demand tor petroleum 


; } ] 


, W454 Y t RR 1 ] 1 
1 Ic) PETC Vesiqdual ruel Oll 


‘ , , 
ths of 1959. Kerosine demand was 


las been disappointing this year, the 


I 
] 


nd was off 9 percent industry has been takine notice ol 


Petroleum Trends... 


CRUDE PRODUCTION 


ions of Barrels Daily 


TOTAL DEMAND 


ons of 





CRUDE STOCKS 


Millions of Barrels End of Month 


GASOLINE STOCKS 


ons of Barrels End of Month 
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CRUDE OIL IMPORTS 


Millions of Barrels Daily 





DISTILLATE STOCKS 


Millions of Barrels End of Month 


lagging sales, particularly during the 
past month, and has been trying to 
adjust supply into better balance with 
the demand. The results have been 
fairly satisfactory, in that stocks of 
crude oil and 
able and refinery runs of crude oil 


vasoline remain reason- 


have been curtailed. 

However, stocks of distillate fuel oil 
became seriously excessive as sales 
lagged during relatively mild weathet 
of December and January. And the 
surpluses of distillate have remained 

February and March. Distillate 
stocks of 105 million barrels at the end 
of February were 25 percent greater 
than those of 84 million a year earliet 


Under the burden of the surplus, 
the markets for distillate have been 
weak, and wholesale prices were fur- 
ther reduced in early March. 


lo some extent it will be practical 


TOTAL OIL IMPORTS 


Millions of Barrels Daily 
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RESIDUAL STOCKS 


Milhons of Barrels End of Month 

































U. S. Petroleum Demand and Supply (Thousand Barrels Daily) in coming months for refiners to con- 
vert distillate fuel oil into gasoline and 


FEBRUARY ies JANUARY-FEBRUARY thus market it in that form. But much 
ITEM 1960 1959 GY Diff. 1960 1960 1959 & Diff. of the distillate will have left the 
DEMAND ; ; refinery and entered storage from 
All Oils, Total Demand 10,595 10,539 0.5 10,738 10.669 10,945 25 ‘ p 
Domestic Demand 10,370 10.306 0.6 | 10,518 10.446 10.693 2.3 which it cannot be economically re- 
Export Demand 225 233 3.4 220 222 252 11.9 . . 
trieved and re-run at the plants. Sur- 
(;asoline, Total Demand 3,666 3.623 1.2 3.640 3.653 3,690 1.0 a ail : hs ; 7 . 
Distillate, Total Demand 2,535 2,677 5.3 2.789 2.666 2.906 8.3 plus distillate therefore may remain a 
Kerosine, Total Demand $41 169 6.0 453 $47 529 15.5 - sh : ; 43) ak ae 
Residual. Total Demand 1,940 2,135 9.1 1,943 1,942 2,135 9.0 problem until next fall 
Other Oils, Total Demand 2.013 1.635 12.3 1.913 1.961 1.685 16.4 
CHANGE IN STOCKS ; Gasoline stocks are not seriously ex- 
All Oils, Change in Stocks 410 94 732 576 640 / Z 
cessive but they are quite ample, and 
NEW SUPPLY ; ; ; 
fotal New Supply 10,185 10,445 2.5 10,006 10,092 10,305 2.1 here is need for active precaution 
o , Ice wai O298 
Domestic Production, Total 8.215 8,090 1.5 8,065 8,137 8.088 0.6 against sul pl ses. They totaled 217.5 
Crude Oil 7,275 7,194 1.1 7.160 7.2 7.210 ) “Hy: Gu >, 
Natural Gas Liquids 940 896 1.9 905 922 878 5.0 million barrels at the end of February, 
- a were } eC r abo » > ve 
Imports, Total 1.970 2,355 16.4] 1,941 1.955 2,218 11.9 nd wer t percent above the level 
Refined Products 956 1,303 26.6 1,026 922 1,233 19.6 of 210.4 million barrels held one vear 
Crude Oil, Total 1,014 1,052 3.6 916 963 985 2.2 ps he pase: 
Crude, East Coast 759 801 5.2 689 723 785 7.9 previously. This increase was not justi- 
CRUDE RUNS fied by gasoline demand, which was 
(‘rude Runs to Stills 8.081 8,127 0.6 8.262 8,174 8.181 0.1 
Domestic Crude 7,134 7,183 0.7 7,359 7,250 7,219 0.4 not up but down 1 percent trom last 
sid , » 947 945 0.2 903 924 962 4.0 . 
Foreign Crude 4 Sd : vear during the first two months of 











1960. 


U. S. Stocks of Oils (Million Barrels at End of Month) 


At this time, with gasoline demand 


rOTAL IN U.S EAST OF CALIFORNIA due to begin increasing seasonally, the 
Feb Feb. Jan Feb Feb. Jan markets for gasoline are generally 
96 Osc j < 9. 959 yi 9 
KIND OF Ol 1969 1959 | %DIM.| 1960 avee 195 % Dif. | 1960 firm, and there has been some mark- 
All Oils 769.0 751.8 2.3 780.9 ine up of wholesale prices Re 
Crude Oil 253.0 260.0 2.7 248.9 219.4 219.0 0.2 216.6 5 Ul holesale prices, Reductions 
Gasoline 217.5 210.4 3.4 204.6 186.9 181.5 3.0 175.1 ot refinerv runs by numerous refiners 
Distillate Fuel Oil 104.7 84.1 24.5 124.4 93.6 72.6 28.9 112.7 ; ‘ 
Kerosine 21.1 19.7 7:3 24.7 20.8 19.3 7.8 24.3 In recent weeks have held new sup- 
Residual Fuel 44.9 54.2 17.2 47.8 28.9 25.5 13.3 29.7 1: te ; 
Other Oils 127.8 123.4 3.6 130.5 piles ot gasoline within reasonable 


bounds, helping to stabilize the mar- 


U.S. Crude Oil Production, by States (Thous. Bbls.) kets. It remains to be seen. however. 


if gasoline surpluses will be avoided 

















ai ‘rade al, J2 é -Felt rt - s 
Daily Average for Month PUREE, SORE eee and if satisfactory prices can be main- 
Feb. Feb. Jan. tained 
STATE or DISTRICT 1960 1959 % Diff. 1960 1960 1959 % Diff. : 
ca. ea | os | tena | ae] ness | 738) + are «The industry so far in 1960 has 
Arkansas 82.0 75.6 8.5 70.0 4,550 4,626 1.6 : i a , 3. 
California 828.4 839.2 1.3 835.2 49,915 49,684 0.5 fairly well balanced new supply with 
Colorado 129.7 128.0 Ra 128.4 7,742 7,470 3.6 d , i ye yer ile yf 
Colorac 9.7 5.8 3 B. o a ¢- emand for petrol im. While t tal 
Illinois 212.9 219.3 2.9 218.0 12,933 13,047 0.9 demand was down 2.5 percent fot 
Indiana 33.8 31.3 8.0 32.0 1,973 1,917 2.9 z ; 
Kansas 310.5 329.4 5.7 311.9 18,673 19,638 4.9 January and February 1960, total 
Kentucky 63.1 64.1 1.6 64.0 3,812 3,774 1.0 : ) 
Louisiana 1,082.8 949.4 14.1 | 1,069.6 64,559 55,807 15.7 new supply was held 2.1 percent unde! 
SY PT 148 125.0 8.2 113.3 6.843 7,306 6.3 a year ago. Crude oil production of 
[PF « K S 5 9 ~ ¢ ° * 
South Louisiana 968.0 | 824.4 17.4 | 956.3 washes — 19-0 7,216,000 barrels daily was only slightly 
Michigan 30.0 25.5 17.6 33.3 1,900 1,494 27.2 bove » 7,210,000 ; - 
Mississippi 145.1 118.9 22.0 146.7 8.754 7.063 23.9 : “in the 7,210, daily of January 
Mo.-So. Dak.-Tenn. 0.8 100.0 0.6 42 950.0 ‘ebruary 1959, Total imports were 
Montana 79.3 83.0 4.5 80.2 4,785 4,783 0.1 oe P ie 
Nebraska 63.2 56.9 11.1 62.9 3,783 3,427 10.3 down 11.9 percent in averaging 1,955,- 
Nev.-Wash.-Alaska-Ariz. 1.0 0.6 66.6 0.8 53 53 ; ; 
New Mexico 299'9 279.3 7.4 301.0 18,026 16,308 10.5 000 barrels daily, compared with 
asitenens 263.9 241.5 9.3 259.1 15,683 14,505 8.1 2,218,000 last year. U.S. production 
Northwest 37.8 4.8 9 2,343 1,803 29.9 , a . 
suinosasiaiaee 36.0 “ of natural gas liquids, however, is up 
New York 4.9 5.1 3.9 5.1 300 331 9.4 i ‘eraved 999 ar- 
“tg on ERR £2 Py: Me at 3.505 2.858 26 substantially. It averaged 922,000 bar 
Ohio 12.2 15.5 21.3 13.0 757 | 871 13.1 ily i -February in- 
=... 2-2 iss af 138 52.40 33.078 7. daily in January-February, an in 
Pennsylvania 16.0 16.3 1.9 16.5 975 935 4.3 crease of 9 percent over the 878,000 
Texas 2,778.4 | 2,884.4 3.7 2,673.5 | 163,455 | 171,064 4.5 ge 
- barrels daily of like months last year. 
Dist. 1: South Central 44.5 44.7 0.5 43.0 2,625 2,635 0.4 ’ 
Dist. 2: Middle Gulf 127.5 129.7 1.7 121.5 7,463 7,600 1.8 Some independent refiners are com- 
Dist. 3: Upper Gulf 390.2 420.4 7.2 378.2 23.042 24,741 6.9 wr eS vhs : 
Dist. 4: Lower Gulf 202.7 207.5 2.3 189.6 11,757 12,161 3.3 plaining that liquid products derived 
Dist. 5: East Central 27.7 32.3 14.2 | 27.4 1,652 1,873 11.8 : 7 
Dist. 6: Northeast 273.9 293.3 6.6 263.3 16,103 17,219 6.5 from natural gas are causing over- 
Dist. 7-B: North Central 138.9 144.2 3.7 135.5 8,228 8,454 2.7 . The 
Dist. 7-C: West Central 133.1 143.3 7.1) 127.1 7,800 8,471 7.9 production and weak markets. They 
Dist. 8: West 1,136.2 1,147.4 1.0 1,083.6 66,544 67,117 0.9 : : : .. : ’ —— 
oe ag 9 74 +386 11679 12428 60 assert that production at gasoline 
° « . 5 . ° ° P e 7 
Dist. 10: Panhandle 109.4 | 108.0 1.3 109.3 6,562 “ees #5 plants is not limited by proration, like 
Utah 107.4 108.3 0.8 109.3 6,503 6,372 + 2.0 F refineries nrocescc? -rude: 
Fe : ene output of refineries processing crude; 
West Virginia 5.4 5.9 8.5 5.7 336 336 and complain that much of the output 
Wyoming 348.7 329.5 5.8 349.5 20,949 19,614 6.8 , " oe —_ + th 
, - of the gasoline plants is put through 
rotal, U.S. 7,275.4 | 7,194.1 1.1 | 7,160.3 | 432,957 | 425,361 1.8 ee : ‘ : 
auxiliary units that further refine it 


Sources for above 3 tables: Bureau of Mines monthly reports, except last two months based on 
API and B. of M. weekly reports and WORLD OIL estimates, and all Texas districts from API. 
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into gasoline, kerosine, and distillate. 
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Drilling Activities. 


WELLS COMPLETED FOOTAGE DRILLED ACTIVE DRILLING RIGS ACTIVE ROTARY RIGS 


Thousands of Wells 
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Thousands of Rigs End of Month 


Thousands of Rigs End of Month 





illons of Feet 


5.0 
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Drilling activity continues to decline 


CONTINUED TIGHT proration sched- 
ules and severe winter weather were 
major factors in another drop in U.S. 
drilling activity during February. An 
erage of only 115 well completions 
per day were reported, down 9.4 per- 


cent from the 127 


wells completed 
daily in January, and down 12.9 per- 
cent from the 132-well daily average 
in February 1959 

Daily completions during the first 
two months of 1960 averaged 121 
wells, down 11 percent from the 156- 
well daily average during the same 
1959 period. The 1960 daily average 
uso was down 12 percent from the 
138 wells completed daily in 1958, and 
22 percent from the 155 wells pel day 
completed during the first two months 
of 1957. 

Also, the 3,582 drilling rigs operat- 
ing at the end of February reflected a 
‘37-rig drop from the 3,919 rigs oper- 
ating on January 3], and 273 rigs less 
than were operating on the same date 
in 1959. 

Wildcatting activity almost held its 
own during the first two months, aver- 
aging slightly under 26 wells per day, 
compared with slightly more than 26 
Wells per day during the same 1959 
period 
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Summary of U. S. Wildcat Drilling 


| TWO MONTHS 





January-February 
Feb. | Jan. -— 
ITEM 1960 1960 1960 1959 J Diff. 
New Field Discoveries: 
Oil 31 64 95 120 20.8 
Distillate 6 8 14 16 12.5 
ae 17 19 36 46 74 I 
Total Discoveries 54 91 145 172 15.7 
Dry Wildcats. ... 584 809 1,393 1,383 + 0.7 
Total Wildcats 638 | 900 1,538 1,555 1.1 
Percent Productive 8.5 | 10.1 9.4 ie 
Percent Dry)...... 91.5 | 89.9 90.6 | 88.9 


Summary of U. S. Drilling Activity 


TWO MONTHS 
January-February 





Feb. Jan. 

ITEM 1960 1960 1960 1959 J Diff. 

New Wells Completed: 
On.. 1,636 1,852 3,488 4,148 15.9 
Distillate 61 86 147 145 + 1.4 
Gas... 328 358 686 582 +17.9 
Service 19 34 83 37 39.4 
Dry 1,247 1,611 2,858 3,007 5.0 
Total Wells 3,321 3,941 7,262 8,019 9.5 

Footage Drilled | 
(Millions of Feet). 14.0 16.9 30.8 33.5 | — 8.1 
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How Timken steel became a string saver 


. probably recognize the 
steel parts below as tool joints 
that hold together a string of drill 
pipe. Deep hole drilling puts a 
terrific strain on these joints. And 
a break is costly in both time and 
money. 

Manufacturers came to Timken 
Company metallurgists to solve 
their breakage problem. Our 
experts studied the problem and 


recommended a special analysis of 


Timken seamless steel tubing. 


The manufacturers tested it. They 
found the refined grain structure 


and spiral grain flow of the Timken 





tubing gave joints the fine forged 
quality they need to resist string 
failure. Big economies in time and 
money resulted. 

You'll also find Timken steel the 
most economical you can use for 
high-strength casing, drill collars, 
pumps, and refinery tubes and pip- 
ing. Whatever the application, 
Timken steel tubing cuts produc- 
tion time and material costs—the 
hole’s already there! 

We've even developed a new high- 
strength oil well tubing that offers 
a yield strength up to 125,000 PSI 
—20% stronger than the stiffest 


4 


® 


Fine 
Alloy 


API spec, 5A. Whatever your steel 
problem, Timken Company metal- 
lurgists are ready to help you solve 
it. Why not give them a call? The 
Timken Roller Bearing Company, 
Steel and Tube Division, Canton 6, 
Ohio. Cable: “TIMROSCO”. Makers 
of Tapered Roller Bearings, Fine 
Alloy Steels and Removable Rock Bits. 


WHEN YOU BUY TIMKEN STEEL YOU GET: 


1. Quality that’s uniform from heat 
to heat, bar to bar, order to order 

2. Service from the experts in special- 
ty steels 

3. Over 40 years experience in solv- 
ing tough steel problems 





TIMKEN ALLOY STEEL AND SEAMLESS TUBING IS AVAILABLE FROM WAREHOUSE STOCK IN 44 CITIES IN THE UNITED STATES 
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For more data on advertised products, use Readers’ Service Cards, last page 31 











These are the wind swept mountains of 
coastal Alaska where everything works against 


HILLER 


AIRCRAFT 
CORPORATION 


GCALLIFORWANIA 









































COMPLETED AS A PRODUCER ... 
BELOW 20,000 FEET 


Had this well been dry, it would merely be another statistic. Yet, it was completed 
as a producer. 


To prove production possibilities on this deep Louisiana well, five Drill Stem Tests were run 
below the 20,000 ft. mark. In each instance, the packers were set below 20,000 feet, making 
these the deepest Drill Stem Tests ever recorded. 


Testing conditions were most severe. Throughout each test, bottom hole temperature was 
426°, mud weight ranged from 18.2 to 18.4, with a viscosity varying from 50 to 60. During the 
five deep tests, Johnston equipment encountered and recorded formation pressures as high as 
19,365 psi and hydrostatic mud pressures up to 22,045 psi. 


Packers and other equipment have previously been run and set below this depth; however, none 
in a Drill Stem Testing operation, nor under the conditions encountered in this well. 


No misruns or equipment failures occurred. All equipment was retrieved intact. On two tests, 
equipment remained in the hole over twenty hours. Tests were performed in 7 inch—35 Ib. 
casing through a 34 inch bottom hole choke. All were successful. 


Drilling a well below 20,000 feet is a significant accomplishment, especially with the sub- 
surface conditions peculiar to the Gulf Coast. The five Johnston Tests performed at this depth are 
also significant. They are testimony to the fact that Johnston can conduct Drill Stem Testing 
operations at extreme depths where high bottom-hole temperatures and extreme high pressures 
are encountered. 


The drilling, testing and completion of this well is a prime example of the value of experience 
and planning, and proves the advisability of gathering all available information and data for 
evaluation prior to completing any well. 


In any area ...in any well... deep or shallow ... high pressure or low pressure . . . before 
you set casing on your next well, call Johnston Testers. You get more from a Johnston test. 


All tests were performed by Johnston Testers using the new Johnston testing tools. 


FINAL TEST 

Packer set at 20,068’ 

Initial Hyd. Mud 19,960 psi 
Initial Flow 15,435 psi 
Final Flow 17,719 psi 

Final Hyd. Mud 20,061 psi 


Recovery Oil (39.5° Gravity) and Gas VE 


f+ ar 


i eee : 
JOHNSTON TESTERS, INC. 


P. O. Box 98 Houston 1, Texas 


APRIL 1960 WORLD OIL For more data on advertised products, use Readers’ Service Cards, last page 61 











































Practical Operating Hints 









These How-To-Do-It Ideas Can Save You Money 


$10 is paid for each illustrated acceptable contribution. Mail to The Editor, WORLD OIL, P. O. Box 2608, Houston 1, Texas 


Build Wider Gate With Old Drill Pipe 


Pin End Of Discarded Dri! 
Pipe For Center Post 











Discarded drill pipe can be used to 
build a road-width gate that can be 
used full width or one side at a time 
Many 
not wide enough to accom- 
tanks 


without damage to the gate prope 


as the load demands. lease 


vates are 
modate rigs, and other loads 
[his double gate permits use of only 


one side for normal width loads 
Use a short length of the pin end 


of a section of discarded drill pipe for 









































Box End Of Discarded Drill! 
Pipe Set In Concrete 


the center post, Cut this section ot the 
pipe so that it is the height of the 


gate. Set a short piece of the box end 
of the drill pipe in concrete in centet 
The length of drill 
pipe with the pin connection is then 


of the road bed. 


screwed into this box connection and 


serves aS a sturdy permanent centel 


post. When wide loads need to pass, 


unscrew the cente) post from the 


foundation and open both gates. 








Condition Your Mud 


With Centrifugal Pump 
When 


drilling rig, keep the mud in condi- 


mud tanks are used on a 
tion by mounting a centrifugal pump- 
ing unit near the tanks, sucking the 
mud out of the bottom and to the top. 
The mud can be put through in a 
matter of moments since the centrif- 


ugal provides a high volume and the 
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head is low. 

To have a standby, the pumping 
units are doubled so that either pump 
can work from either tank, or two 
tanks can be mixed at the same time. 
Since the heavier mud settles at the 
bottom, these pumps pick it up at the 
lowest point and put it back on top 
of the mud tank, saving the wear and 
reciprocating 


tear of an auxiliary 


pump. 





Above-ground Piping 
Makes Neat Hook-up 


Above ground installation of all 


piping on a tank battery results in a 
neat appearing, convenient hook-up. 
All lines can be traced to their source 





and there 1S no euesswork as to the 


identity of each line in the battery 


Valves also are above ground and are 


easily ACC essible. 





Stripe Your Stairways 
As Safety Precaution 


Paint 


the risers on rig stairs in a 
striped pattern as an added safety 
measure. Use contrasting colors as an 
attention vetter. To further stress the 
importance of safety, post signs in 
conspicuous locations so that rig per- 


sonnel will be “safety conscious.” 
} 
; 


Split Chemical Drum 
Used For Engine Cover 


Here’s a unique engine cover which 






a South Louisiana operator devised 
to protect the prime mover of his hy- 
draulic pumping unit. In this instance 
a small chemical drum was large 
enough to provide an effective cover. 

The drum first is split length-wise. 
It then is cut approximately halfway 
around each end and the sides are 
pulled straight as shown in the photo- 
graph. The drum then is slipped over 


the motor and will provide protection. 
1960 
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Load Tractor Easily With Ramp 


Where tract 


ors 
ré¢ continually on 
he move in flat 
Lrcdis whil rige ls 
1p i qi di I) 
pits i ramp ras 
tened to he back 
ot the semi- trailer 


makes if Casy 


? ’ 
load and unload 


the tractor 


Che ramp 1s 
made from drill 
; 
pipe and runs the 
entire len: th ol the 


} 


trallel 
sides At the back 


trailer, the 


along the 
corners of the pipes are 
mitered and welded so that they come 
to a point about 10 
eround. A track 
built as When 
in transit, the upright supports are 


and fastened 


off at an angl 
inches above the 
shown 


frame is then 


in place 


load O! 


swung up 
When it is 


tractor, the sur ports 


necessary to un- 


load the are pul 


frame and the tractor 1s 
up or down off the 


inder the 


driven trailer 





Construct Meter Stand 
From Scrap Tubing, Pipe 
Phis 


from junk pieces of 2-inch tubing and 


built 


meter stand is easily 
l-inch pipe which are usually found 
around most leases. The vertical por- 
tion of the stand (to which the mete 
is attached) is composed of the end 
of a joint of 2-inch tubing complete 
with coupling. 
Three pieces of 1-inch pipe have 


been welded at convenient angles 
around the tubing coupling to pro- 
vide a base for the stand. The stand 
can be used to support orifice meters, 
pressure recorders, etc. The stand can 
be used as a permanent o1 portable 


unit. 
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Weld Safety Stops on 
Edge of Stairways 


Weld '%-inch rods on the leading 


edge of stairways as a safety 


precau- 


tion in freezing or rainy weather. 


When the step is icy or wet, the rod 
will prevent slipping. 





Can on the Lease Sign 
Keeps Pumper in Touch 


A small can, attached to the lease 
sign at the lease entrance, will help 


in keeping track of a pumper who 


must travel around to check on seat- 
tered leases 

On days when supply men or othe: 
visitors are expected in the field, a 


note can be left in the can notiftvin: 





them ol the whereabouts ol field per- 


sonnel. If a pumper has to leave 


lease unexpectedly, he can leave 


visitor where hy 


message advising the 
| 
can be located. | 


If the supply man is running lat 


and field personnel are busy  else- 


where, requisitions can be left in th 
can so that the order can be filled as 


quickly as possible. 








Air Compressor Provides 
Fresh Supply of Rig Water | 


Rig 


an air compressor on a water 
well to provide a ready supply of 
fresh water to a rig. After the water 
well and pits are completed, case the 
well with one-inch tubing run to the 
bottom and a one-eighth jet in the 
bottom looking up. Run the casing 
to the pit and hang the one-inch tub- 


ing on a 3-to-1 bushing. Spot the ai 





compressor a joint of pipe away from 


the rig and when it is connected. 
water is flowing into the pit in a mat- 
ter of seconds, This assembly can be 


location in one 


I 


moved to the next 


load. 
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Use Extended Handles 
On Over-Flow Valves 


This Gulf Coast operator has in- 
stalled between all 





over-flow lines 
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nc crac deaaeacasRiesseitieCeC 


inks mn his tank battery so that 


‘ oD 

umpers will not have to be on hand c 
, ‘ ‘ ae ic 

o switch a tank when it fills. To je 
rovide control and permit strapping gs 
of the tanks to a maximum height. E 
he extended handle vate’ valves ge 
o 


shown were installed on each over- 
flow line. If the pumper wants to take 
ne or several tanks out of the over- 
flow system, he simply has to manipu- 
ite the valve from the tank catwalk 

he extended handles provide a 


safe means for this operation since 





De rsonnel do not have to walk out on 


op of the tank to close the valve 
I 


) 
vith a regular wrench 








ENGINEERING ENTERPRISES 


the ground. When a well is « ompleted. 
several timbers are laid on the ground 
and the beams are installed cross-wise 
as shown. 

The unit then is installed and tack 
welded to the beams. Notches are cut 
in the sides of the base beams to allow 


clearance for the counterweights 





Centrally Located Rack No -Wall - Stick 


Holds Shovels and Picks 


\ simple and centrally located rack Drill Collars 


lor mg tools will contribute to good 





housekeeping - ices. Set a 10-foo ; 
sek ping practices ¢ i toot The surface area of these drill collars 


2-by-6 post in a hole at a point that has been changed to reduce wall contact 
is readily accessible yet will not inter- area by more than 40%. Weight loss of 
the drill collar is only about 4%. Reduc- 
: tion of 40°% in contact area results in a 
horizontal lengths of 2-by-4 material proportionate decrease in the total stick- 
to the top of the post. Midway be- ing force due to differential pressure of 3 
40°o. This design also gives a section of 

. pressure equalization each foot along the 

two 1-by-4s. Hand tools are hung In body of the drill collar. 

the rack as shown in the photograph. 


tere with normal traffic. Nail two 


tween the top and ground level, nail 


, 


; Three sizes (6”, 434”, 4's”) of NO-WALL- 
Such a rack will encourage replace- STICK DRILL COLLARS: are available on a 
ment of tools when a chore is com- rental basis in the Texas and Louisiana 
Gulf Coast area. Rental price of these 
NO-WALL-STICK DRILL COLLARS is very 
competitive to conventional drill collars 





This new drill collar design has been expressly developed to combat the 


problem of differential pressure sticking of the drill collar string in the 


pleted. Having tools stored at a central 


location will save time in emergency 


clean up jobs run with stabilizers. 
P . Any new or used drill collars, regardless 
Make Pumping Unit Base of size, owned by Drilling Contractors or 
‘ Oil Companies may be converted to NO- 
From Steel Wa king Beams WALL-STICK DRILL COLLARS for a fixed 


conversion charge. 


An oil operator in Kansas uses dis- 


NO-WALL-STICK DRILL COLLARS offer far 
: - , more protection from wall sticking in high 
ngs to provide a base for his pumpims angle holes or holes which have shale 
nits. By using two beams for each wash outs than drill collar strings using 
stabilizers 


carded walking beams from standard 





init, installations are rigidly sup- 
NO-WALL-STICK DRILL COLLARS will not - 
ball up, will not peel off wall cake, and : 
may be sealed off by a Hydril type blow 

to low the counter weights to clear out preventor at any point 


ported when the beams are installed 


Come f-Vi Eh) i fet a el ai | mere) |F-1 a 


effectively reduce sticking of drill collars 


is Shown. The unit is just high enough 


APRIL 1960 WORLD OIL 


lelth pie), mani d ¢ 41 
304 Kim Drive 
Lafayette, Louisiana e« CE 4-4607 


San Jacinto Bidg. 
Houston, Texas 


It is a direct step in materially reducing the total sticking force. 


Please write Houston office for descriptive brochuré and price schedule: 


alelice 


TYPICAL FULL RANGE 


24-trace seismograph EXPLORER 


: FULL RANGE 
g C pf g 24-trace seismograph 
Gerke ) E _— 
bl ~~ + a & & af ee ed tf 


AMPLIFIERS CONTROL INTER-CON CABLES \ 


ea on 
- 
ae L& 


a @. ae 


€ _ AMPLIFIERS-CONTROL CAMERA 
“ “ £ MPLIFIERS-CO 


\! LY ‘ 
\ 
~ a 
Ss & & © & 4 
{ t 


BATTERIES POWER UNIT 


ae of id. 


CAMERA DEVELOPER 
DEVELOPER BATTERY & POWER 


LL EE 
4k : “ace ag 
\{ AK NN 
CABLES & REELS GEOPHONES Lk xe Li 
CABLES & REELS GEOPHONES 











In some of the world’s toughest as- the decreased time involved at and 
signments, the EXPLORER Model between each recording set-up with the 
8000 24-trace All-Transistorized Seis- EXPLORER Seismograph has approx- 
mograph has effected reductions in imately doubled production, and, of 
recording personnel of 50 percent from course, cut the cost per profile in half. 
the number required for the typical full 
range portable systems. Due to the re- 
duced weight and number of packages 


Furthermore, the 8000 system is ef- 
fective over a wide range of frequen- 
cies, from high resolution to refraction. 


for amplifiers, batteries and intercon- 
necting cables, only seven men are 
required for the 8000 system. In foreign 
operations, the additional savings in 


You have a wide selection of AGC 
fixed and TVG gain controls. 


The EXPLORER is the only com- 


pletely field-proved All-Transistorized 
Seismograph System. Let the TI engi- 
neer show you how it pays for itself 
in reduced operating costs, increased 
production, and unequalled reliability. 





manpower will be several times the 
number of packages eliminated due to 
release of support personnel. 


Of most importance, it is reported that 


*Now operating in Sumatra, Peru, Columbia, 
Mexice, France, Canada and South Louisiana. 


Write for Bulletin No. $-324 


TEXAS INSTRUMENTS 
INCORPORATE OD 


GEOSCIENCES & INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY *® HOUSTON 6, TEXAS @ CABLE: TEXINS 
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1960 


EXPLORATION REPORT 


Coordination to combine the effective- 
ness of different forms of geological and 
ceophysical data is the most evident trend 
in exploration today. Seismologists and 
ceologists are looking ahead to routine ac- 
quisition of stratigraphic data from seismic 
records. Sandstone cores are being oriented 


magnetically, and the positions of magnetic 


north are being determined from outcrops 
owing to past geologic ages. Gravity data 
and photogeology are being combined to 
boost the accuracy of both. Geochemistry, 
when coordinated with other exploration 
approaches, pays off. A new science, palyn- 
oloy, provides worldwide, interfacies corre- 
lations. And electronic computers help to 
absorb and coordinate all these data. 





Coordination of geology 
and geophysics pays off 


Combined use of geological, geophysical procedures is 


most evident current exploration trend 


By A. T. Dennison, Head, Geophysical Section 
BP Research Centre, Sunbury-on-Thames, England 
Harry R. Warman, Vice President, Sinclair and BP Explorations, Inc. 


New York City 


As THE SEARCH for deeper horizons 
and in more obscure and inaccessible 
regions progresses, increasing use is 
made of geophysical methods of 
search for structures. With the search 
extending to geologically less well- 
known horizons, it becomes increas- 
ingly important to integrate geophysi- 
cal results with geological knowledge, 
obtained if necessary by boreholes 
drilled purely for stratigraphic infor- 
mation and for measurements of ve- 
locity distribution, etc. Most changes 
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in technique have been in geophysical 
methods and instrumentation, and 
some of these are outlined below. 

It may seem a reflection on the 
methods of the oil industry in the 
past, but it is probably true that only 
recently has the need to integrate 
fully the methods and approaches of 
geophysics and geology obtained a 
satisfactory response. The need is, of 
course, mutual and stems from oper- 
ating in areas where unknowns and 


difficulties are sufficient to require 


augmenting physical measurements 
with the intuitive approach of most 
geologists, who are more accustomed 
to providing answers to structural 
and stratigraphic problems from in- 
complete and indirect evidence. 


TRENDS IN GEOLOGICAL 
METHODS 
The need for new oil reserves has 
forced exploration into regions with- 
out oil indications, and where the 
very existence of suitable sediments 
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4 
» tsi 


, the instrument designers have 
achieved a high standard of reliability 
and portability: this is being maintained 
despite a tendency toward increased com- 
plexity in field equipment. Use of tran- 
sistors may give some further improve- 
ments but certain technical problems 
remain to be overcome r 


for oil generation and accumulation 
is unknown. It has also forced com- 
panies to operate in areas with great 
physic al disadvantages Geologists 


must now resort to new methods of 


‘““marsh-buggies,”’ 


ansport such as 


helicopters, and snow-tractors, not to 
mention the use of aqualungs tO eCX- 
plore the sea bed 

Increasing use is being made ol 


h diffi- 


photographs can 


photogeology. In territory wit 
cult terrain aerial 
be used to connect traverses made by 
reologists on the ground, and thus a 
map can bi produced showing at any 
rate the main features of the geology 
At rial phot grapl S can also be used 
to produce topographic maps both 
for planning ground reconnaissance 
and as bases for geological maps The 
amount ol detailed ceology that can 
from an 


be obtained photographs 


varies with the climate and vegeta- 


tion of an area, and also depends on 
the topography 

In arid mountains in the Middle 
East. complete coverage ol overlap- 
ping photographs and checking by a 
few ground traverses can produce a 
geological map adequate for almost 


all purposes. Even in countries cov- 
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ered by tropical rain forest, much 
extremely difficult ground reconnais- 
sance can be avoided by a few lines 
of aerial photographs coupled with 
oblique shots taken on both sides of 
the flight paths. 

Offshore exploration. A consicder- 
able increase has taken place recently 
in the search for oil offshore. Geo- 
logically the sea bed is no different 
from the land except that it is ob- 
scured by water and usually also by 
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Sinclair Research Laboratories, Ince 


recent sediments, i.e., sands, mud. 


coral, reef, etc. Where there is new 


sediment, geophysical methods are 
the only possible way of exploring the 
rock structures, but in some areas 
marine currents keep the sea floor 
clean, and attempts have been made 
to map and sample the underwater 
rocks by geologists using aqualung 
diving equipment and various types 
of sampling apparatus. As far as 1s 
generally known, such methods have 
achieved little practical results, and 
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the future prospects for this work 
are limited 

Although the oil industry is fully 
aware of the potential of the oil pros- 
pects of the continental shelves, con- 
certed search has so far been almost 
entirely “‘step-out exploration” from 
adjacent land areas of rich produc- 
tion, as off Louisiana, California and 
lrinidad and in the Persian Gulf. 
Random exploration of unknown 


areas of submerged sediments will 


presumably proceed relatively slowly 


Overlooked onshore oil. In addi- 
tion to increasing exploration in new 
ireas, much attention has recently 
been paid to locating, within proved 
oil provinces, the undiscovered and 
smaller accumulations that have es- 
caped These 
more obscure oil accumulations art 
argely dependent on changes of po- 


previous exploration 


rosity within a 


and permeability 


reservoir series, on lensing of 


reser- 
voir beds, and on unconformities. Thi 
search for these accumulations is not 
new. But a great deal more attention 
has been paid recently to careful 
unalysis of all information from sur- 
lace exposures, boreholes and veO- 
physical work in order to determine 
geologic history and to predict thick- 
ness variations, facies changes, mino1 
unconformities, etc. Detailed studies 
of the geology of areas require prepa- 
ration of maps showing structure of 
different 


ariations in thickness and lithology 


the rocks at 


depths and 
of various potential reservoir beds 
There is thus an increasing demand 
for detailed cartography and drafts- 
manship, and the graphical-pictorial 
expression of variable factors 
Considerable attention is being paid 
to the long familiar problem of the 
material of crude oil and the 


source 


parallel problem of correlating types 


1 


of oil with beds of particular type 


ind age. 


It is hoped that research on 


these lines may produce evidence use- 
- 


for allocating exploratory effort 


more restricted parts of sedimen- 


tary basins, but at present such re- 


search has vielded little of practical 


Exploration geology, in common 


with all geology concerned with the 
nature of rocks and the fluids they 
contain, makes increasing use of mod- 


ern techniques that belong more 


I 


properly to the realms of physics and 


chemistry. 


Both in survey work and 
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more particularly in studies of reser- 
voir rocks, considerable use is made 
of methods of mineral determination 
such as arc spectography, X-ray dif- 
fraction, and differential thermal 
analysis. The distribution of trace 
elements is sometimes used for the 
correlation of a succession of rocks in 
boreholes that cannot be differenti- 
visual or electric 


ated by logging 


techniques. The nature of the clay 
minerals in reservoir sandstones de- 
termines the best petroleum engineer- 
ing procedures, and the above tech- 
niques play an essential part in iden- 
tifving clay minerals. 

Increasing use is made of fluores- 
cence properties of hydrocarbons. In 
cuttings and cores from boreholes. 
potential reservoir beds are examined 
for fluorescence, and frequently chro- 
matography is used to differentiate 
any hydrocarbons present. Despite 
the recent proving by dating with 
radioactive carbon that recent sedi- 


ments contain geologically young 
crude oil, considerable attention is 
still paid, particularly by research 
workers, to surveying the hydrocar- 
bon content of soils and near-surface 
rocks for hydrocarbon traces con- 
nected with deeper buried accumula- 
tions. Fluorescence and chromatog- 
raphy are particularly suited to this 
work. Surface mapping of hydrocar- 
bons, however these are detected or 
analyzed, does not yet seem to be 
making a verv valuable contribution 
to the discovery of new oil fields. 


and its prospects appear limited. 
Geochemical research for geologi- 
cal purposes is being actively pursued 
by major American oil companies, 
some of which maintain large and 


expensive facilities for this work 


TRENDS IN GEOPHYSICAL 
METHODS 


Problems facing the geophysicist 
have remained largely unchanged for 
a number of years. They can be 
summarized as follows: 

@ To increase the speed of opera- 

tion in areas of difficult terrain 
® Io increase the accuracy and re- 


solving power of geophysical 


methods 

® To extend the use of the reflec- 
tion method into ‘‘no-reflection” 
areas, since this method is the 
most accurate of those available 


at the present day 


© To develop new methods which 
will give a direct indication of 
oil accumulation rather than 
geological structure. 

Recent trends in geophysical meth- 
ods can usefully be regarded as at- 
tempts to solve these problems. In 
the past five years some progress has 
been made in solving the first three, 
though not the fourth. Before discuss- 
ing the various methods separately, 
some general comments on these first 
three points may be appropriate. 

First, difficulties of terrain are not 
in themselves a primary obstacle to 
geophysical work. The instrument de- 
signers have achieved a high standard 
of reliability and portability, and this 
is being maintained in spite of the 
tendency towards increased complex- 
ity in the field equipment. The use 
of transistors may give some further 
improvements in this respect but cer- 
tain technical problems remain to 
be overcome. 

The recording equipment itself is 
only one of the items needed, how- 
ever, and a number of improvements 
have been made in the heavier equip- 
Small and_ highly 
portable shot-hole drills have been 
both man-pack and 
vehicle-mounted operation, and ait 


ment required. 


produced for 


drilling has been used in desert re- 
gions. Equally important have been 
the improvements in vehicle design, 
a variety of unusual types being de- 
veloped in Canada to meet the special 
there. The 
use of helicopters has been a signifi- 


requirements increasing 
cant factor in speeding up geophysical 
work in many parts of the world, 
although in heavily-timbered areas 
their use is not as simple as it might 
appear. 

In very difficult areas, the helicop- 
ter has appreciably reduced the 
physical strain on the geophysical 
crews and, apart from the improve- 
ment in speed of working, this should 
help to improve the quality of the 
data obtained. Nevertheless, geophys- 
ical work in such areas will always 
be much more costly than work else- 
where. 

With the growing interest in deeper 
structures and in stratigraphic traps 
there is a continuous drive to im- 
prove the accuracy and resolution of 
geophysical methods. The use of seis- 
mic record sections and of the syn- 
thetic 
been helpful steps to this end, and 


seismogram technique have 
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‘oe 


the need for new oil reserves has forced companies to operate in areas with 


great physical disadvantages 


here has been a bette: appre¢ lation 
of the need for close vi locity control 
In seismic surveys, parti ularly of the 
near-surface variations 


A considerable 


ort has been put into wavs ol ob- 
I 


| research 


amount oO 
{} 
taining workable re fli ctions 1n the SO- 
his has 

] 


resulted in improved methods ol 


called “no-reflection” areas 


shooting. revised 


ind, Most 


reophone patterns 


recently, in the replace- 


ment of explosive as the energy 


source by a falling weight. It is 
realized however, that none of these 
methods can produce thi required 
inswer in every area. Each new area 
must be tackled as a separate prob- 
lem, and fresh developments of tech- 
nique merely increase the number of 
tools at the disposal of the geophysi- 
cist from which he must choose in 
planning his work 

The most striking of these new 
techniques is undoubtedly the wide- 
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spread use of “broad-band” methods 
ot recording seismic signals with fa- 
cilities for later play-back and manip- 
ulation of the records. A very high 
proportion of seismic parties are now 
equipped with some form of magnetic 
tape unit for this purpose, A parallel 
though basically distinct develop- 
ment has been the use of unusual 
forms of presentation of the seismic 
data with considerable emphasis on 
variable-intensity and = variable-area 


displays. 


Magnetic surveys. Magnetic meth- 


ods of prospecting receive only a 
limited amount of publicity in oil in- 
dustry publications, but published 
heures of world-wide geophysical ac- 
tivity’ show only a gradual decline in 
the use of this method. The data are. 
however, incomplete and since the 
figures do not completely distinguish 


between ground and airborne meth- 


































































ods. they can be misleading. They 
do suggest that there has been some 
increase in the use of this method 
in the United States. 
arise from an increasinely 


This may well 
“regional” 
approach to exploration problems. 
On the present VIEW this method. 
measuring as it does primarily the 


effects of the basement rocks, 1S 
mainly useful in defining the shape 
of sedimentary basins. The _ results 
may also be used to indicate the 
depth of the sedimentary succession 
in these basins, and very useful infor- 
mation has been obtained in this way 
The scope for this type of pre- 


liminary reconnaissance survey will 


clearly diminish in the future, but 1t 


may well be some vears before this 
becomes apparent. 

While recent instrumental develop 
ments in airborne work have _ not 


made any appreciable impact on 
magnetic surveys from the interpre 
tation vie wpoint, the nuclear preces 


sion magnetometer provides an al 


ternative to the earlier flux gate type. 

and the Doppler navigation system 

may simplify the positioning of sur- 

vey lines in areas lacking in topo 
. 


»raphical features 


Gravity surveys. [he number ol 
eravity cradually from 
1950 to 1956. both in absolute terms 


parties rose 
and in relation to the number of seis 
mic parties. It now appears to be 
declining at a slightly faster rate than 
the number of seismic parties. It is 
interesting to note that in the United 
to gravity 


States the ratio of seismik 


work in terms of crew months pet 
¢ 
| 


vear has remained at about 8 to | 


while that in the Eastern Hemisphere 
has changed from about 2.5 to 1 in 
1955 to about 5 to 1 in 1958. Such a 
change is to be expected as surveys 
in new areas pass from the prelimi- 
nary to the more detailed phase 
While gravity surveys have been 
extensively used in the past for pre- 
liminary reconnaissance work, par- 
ticularly in view of their relative 
cheapness, it has become apparent 
that without a considerable amount 
of geological information on the area 
concerned, gravity surveys alone can 
give information which is either mis- 
leading or of doubtful value. Without 
information on basement depth or 
the density distribution of the sedi- 
mentary column, the choice of gravity 
anomalies as drilling sites must de- 
pend largely on their shape, since it 
is not known whether positive or 
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negative ones are of interest. In ad- 
ion, there is always the possibility 
hat the anomalies represent base- 
variations which are independ- 

of the sedimentary succession. 
For these reasons, it is usually con- 
sidered that supporting seismic evi- 
ence is required before a gravity 
nomaly becomes 1 drilling site. Ex- 
eptions to this occur, however, when 
probable geology and the type of 
et structure are known, and in 
such cases a gravity survey can be 
cheap and useful tool. Salt dome 


uctures provide at obvious exam- 


where eravity surveys can turnish 
least a useful confirmation of the 


smi Interpretation 


Seismic refraction surveys. Apart 
mm a temporary revival of interest 
North, America in the mid-1950s, 


nly in “second-arrival’ 


work, use 
the refraction method has been 
rely restricted to the Eastern 
Hemisphere for many years. Here 11 
s been used continuously by geo- 


hysical parties controlled from Eu- 


x» and more recently by American 
t] = a 

mes as ley take a rapidly 

y intere SI in overseas tf rritoric S 
Whereas the seismic retlection 


id is more accurate. the retrac- 
thod gives a much higher out- 
terms of miles per month, and 


therefore particularly useful 1 


LO! 


ne areas which appear to justify 


chai a . 
re detailed WOrK by the retiection 
nique. It can also be used, as it 

is been in West Texas and in Eu- 


for detailed work in areas 


vi Cc workable reflections are diffi- 


to obtain. In such areas, much 

e can be wasted in finding the 
yptimum reflection technique and it 
be a better economic proposition 


{ : P re ‘ as 
O ¢ rv out a detalied retraction pro- 


The refraction method does. how- 
ver, require the existence of a layer 


hich has a_ considerably —highet 


velocity than those above it and which 
; ] 


y J > 
HOLA! 


/ 


nformable with the 
ns of interest. This restriction 
does not apply to the reflection 
method, although even here reflec- 
tions must be obtainable either from 
horizon of interest or from some 


conformable horizon. 


Seismic reflection surveys. More 
than 80 percent of the geophysical 


ration effort, in terms of crew- 
ths, is devoted to the reflection 
APRIL 
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method of prospecting; in terms of 
cost the proportion is considerably 
higher, since it is a relatively expen- 
sive method. The concentration on 
this method both in the field and in 
development research can, however, 
be justified by its accuracy and the 
amount of information it can yield. 
This is, of course, subject to usable 
field records being obtained, and in 
a number of areas this qualification 
is of considerable importance. 

Where reflection quality is good, it 

is usually possible to plot accurately 
the contours of a number of geolog- 
ical interfaces, at depths ranging from 
a few hundred to over 20.000 feet. It 
is tempting to assume that the sepa- 
rate “reflections” seen on a record 
correspond to individual geological 
horizons, but recent work has shown 
clearly that in many cases they are a 
composite signal formed by reflections 
from a number of closely spaced in- 
Té riace § 
Small changes in the spacing o1 
nature of these interfaces can change 
the form of this composite signal 
appreciably, so that the reflections 
appear either to be discontinuous 
along a profile or to change their 
character. Even where these changes 
do not occur, considerable caution 
must be used in establishing the cor- 
relation between the reflection and its 
equivalent point in the geological suc- 
cession, due regard being paid to the 
effects of the recording instruments 
on the apparent reflection time. 

To assist in this correlation, “syn- 
thetic” seismograms have been widely 
used. These are seismic records pre- 
from a 


pared in the laboratory 


knowledge of the detailed velocity 
distribution in the ground, this infor- 
mation being obtained from a con- 
tinuous velocity log run in a nearby 
borehole. Ideally, this synthetic seis- 
mogram should correspond very 
closely to the field records obtained 
in practice. It then becomes possible 
to isolate the effects of the various 
horizons on the field record. Owing 
to the assumptions which have to be 
made, the laboratory seismoreram 
usually gives only moderate agree- 
ment with the field seismogram. 
However, the method has given very 
useful results and has been the sub- 
ject of considerable research. It is of 
special interest in that it may prove 
particularly useful in locating strati- 


graphic traps. 


4 


“Thumping.’ 


technique mentioned earlier is now 


The weight-dropping 


in commercial use. The energy from 
a single drop of the weight is much 
less than that of an explosive charge 
and it is ordinarily necessary to com- 
bine the records from, say, 10 drops 
at different points to give an ade- 
quate signal-to-noise ratio. Using 
magnetic tape recording, a high rate 
of working has been achieved, but 
the main advantage of the system 
appears to be the avoidance of shot- 
hole drilling in areas where the ter- 
rain, or the number and depth of 
holes required, makes this drilling 


difficult and costly. 


Recording methods. [hese two de- 
velopments, while significant in them- 
selves, have been overshadowed by 
the widespread changeover of many 
seismic parties to recording methods 
which are suitable for “playback.” 
Chis does not signify any change in 
the basic principles of the method, 
but has produced considerable 
changes in equipment design and in 
field and interpretational procedures 
he only system in widespread use 
is that using magnetic recording, and 
it is unfortunate that the simultane- 
ous development of this method by a 
number of concerns has resulted in 
the field use of at least six basically 
different systems. Hence records can 
usually be played back only on the 
same type of equipment as that on 


which they were made. This can 
place geophysical contractors in a 
rather difficult 


oil company prefers records which 


position since each 


can be handled on its own playback 
machines. 

However, two general types of 
equipment in use can be distinguished 
In the first, playback facilities in the 
field are limited and the party de- 
pends on a central playback office 
for its detailed interpretation. The 
office machines are complex with full 
filtering, correcting and compositing 
facilities, and usually employ sequen- 
tial playback of traces with a choice 
of final record presentation. 

The second type of equipment has 
a small tape unit added to conven- 
tional equipment. This allows the 
party to obtain filtered and corrected 
playbacks in the field, sometimes in 
a form suitable for record sections. 
This system has obvious advantages 
for parties working in inaccessible 
areas, but the two systems are not 
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mutually exclusive and each has its 


own advantagt Ss 
Parallel development in 


with this 


technique, there has been 


recording 


i growing interest in the use of pro- 


file assembly in the final presentation 


ot the records. In place of individual 
records corresponding to each shot 
point, records are ASS¢é mbled side by 
side with their datum times brought 
nto coms ick nce and with eat h record 
reduced to about three inches in 
vidth With the individual trace cor- 
rections having been made. reflec- 
tions should line up both across each 
record ind also fron recor o record 
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across the profile. The profile thus 


has a strong visual similarity to a 


seismic cross-section and also to the 


corresponding gveological cross-section. 
This similarity is only partial, how- 
ever, in that no provision is made fo1 
migrating reflections when dips are 
encountered. 

Profiles have the advantage of pre- 


senting a large amount of informa- 


tion to the interpreter in a most 


convenient form. In areas where 


faults and steep dips occur it may 


be possible to identify diffracted 


events and arrivals which cross the 


individual records at very steep an- 


eles. In areas of very variable reflec- 


tion quality, the profile facilitates the 


“carrvine-through” of reflections 


may not some ol 


which appear on 


the records. 
While “wigegle-trace” records can bi 


used for this purpose, variable-area 


or variable-intensity records are usu- 


ally preferred, since they allow a 


reduction in the individual 


cvreater 
trace width. It should be emphasized 
that such record sections do not con- 


tain more information than conven- 


tional ones—indeed the reverse is usu- 


ally the case—but they do present the 


information in a way which makes 


it more apparent to the human eye 
Apart from reducing the amount of 


maxi- 


computation, they present a 


mum amount of information in a 


small space, and make it possible to 
defer the actual picking of reflections 
stage in the interpretation 


to a late 


proc css. 


FUTURE DEVELOPMENTS 
The foreseeable future of explora- 


tion reveals no lkely revolutionary 


changes. The proven techniques may 


be used with more discretion and 
aimed at concentrating on the eco- 
nomically more attractive oil accu- 


mulations. ‘The dependence on geo- 
physical methods will almost certainly 
increase as the search becomes more 
and more confined to structures with 
no surface expression, but this will in 
no way diminish the need for geologi- 
cal appraisal of both the geophysical 
results and also those other charac- 
ters of rock formation that determine 
the location of oil accumulations. 

In geophysics there will doubtless 
be improvements in the semi-auto- 
matic data-handlinge machines, in the 
form of magnetic playback units, 
which are already in use. While digi- 


tal computers are also in use to a 


limited extent, their application has 
developed more slowly than might 
have been expected. This has arisen 
partly from the nature of the geo- 
physical computations and partly 
from the use of record sections. Gen- 
eral opinion still favors the picking 
human 


of reflections by a operator 


rather than by a machine: record 
sections enable this picking to be 
done under the most favorable condi- 
tions, whereas the use of a digital 
computer normally involves the pick 
being made at an earlier stage in the 
data handling. 


Ney el theless. it 


computers will be used for the more 


seems likely that 


and 


larly for those involved in considering 


complex calculations, particu- 
complex geological structures where 
a three-dimensional approach is es- 
sential. In such cases the record sec- 
tions have only a limited application 

It does appear, however, that any 
major advance in seismic techniques 
will depend on a better understanding 
propagation in the 


} , , ; 
v Selsmie “Mave 


sround, Considerable research effort 
is being put into this problem, and 
even relatively minor improvements 
in method could be well worthwhile 
There is crowing concern about the 
cost of geophysical methods, and with 
an estimated worldwide expenditure 
in petroleum geophysics of well over 
$200 million, any improvement may 
be economically important 

Until some new te¢ hnique or fresh 
understanding of the mode of occur- 
rence of oil is discovered, the exist- 
ing pattern of exploration will con- 
tinue. As far as is known, no current 


likely 


any revolution in technique, and oil 


research appears to produce 


exploration will continue as the fa- 
miliar blend of speculation aided by 
geological appraisal and_ prediction, 
guided by geophysical 


in their turn 


methods of structural delineation 


The major problem appears to be to 
achieve the required accuracy in sur- 
veys at the minimum cost, the accu- 
racy required depending on the par- 
ticular type of structure involved 
Choice of the correct methods, both 
geological and geophysical, is essential, 
be remembered that in 


and it must 


this context apparent cost, as meas- 


ured simply in dollars per month, 


ceases to have any real significance 
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How to make geochemical 


Combined use of geochemi- 
cal, hydraulic, geological, 


geophysical data yields good 


SUCCESSFUL INTERPRETATION and 


understanding of geochemical anom- 


alies, of their relation to origin, ac- 
cumulation and migration of petro- 
leum are essential to development of 


satisfactory con¢ epts in geochemical 


exploration succeed 


more recently) Sokolov? and An- 


tonov’ studied the process of hydro- 
carbon diffusion. Diffusion rates of 
hydrocarbon gases through water are 


of the order of 2.1 10-5 cm? sec, 


whereas in clays and water-saturated 
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prospecting shaly sands diffusion rates are con- 
results siderably slower (from 10 to a 100 
The main concept of geochemical fold 
prospecting for petroleum is the be- For a reservoir found at 10,000 feet, 
lief that light as well as heavy hydro- the rate of gas leakage would accord- 
carbon gases diffuse to the surface of ingly be of the order of 0.04 mm* per 
the earth under the influence of pres- square foot per day through a uni- 
By Dr. S. J. Pirson, Professor of sure and concentration gradients. form overburden of shaly sands and 
Petroleum Engineering Tripp' has shown that this was shales. However, rocks overlying oil 
Che University of Texas, Austin thermodynamically possible, and and gas reservoirs are not homogene- 
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FIGURE 1—Illustrates formation of a stratigraphic trap and attendant hydraulic relationships, in- 
cluding leakage around the edges of the oil deposit as it reaches a mature development stage. Ac- 
cording to the theory expressed, it would not be necessary for fracturing provided by structural 
deformation to cause escape of hydrocarbons, as may be common in the case of structural traps. 
Hence, geochemical exploration methods should be effective in finding stratigraphic as well as 
structural deposits. Success with geochemical methods indicates that this is so. 
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Z . 
ibove uncontformiuties or even succes- 


Younger rocks 


at shallow dept hs often refi ct the tec- 


sions of uncontormities 


tonic pattern of older rocks resulting 
from repeated rejuvenation by succes- 
movements. It appears 
micro-fractures are 


SIV¢ tectonic 


that macro- and 


present over and around structural 
accumulations of petroleum, the trend 
and shape of which depend on the 
Such 


fractures undoubtedly provide prefer- 


tectonic history of the region 
ential migration paths for hydrocar- 
bon leakage to the surface of the 


earth 


Records of oil field discoveries 
show, however. that diagnosti hydro- 
carbon leakage patterns are also asso- 
ciated with stratigraphic 


traps prac - 


tically devoid of structural deforma- 


tion susceptible of causing fractures 


and fissures (i.e., Little Beaver and 
Adena fields in the Denver-Julesburg 
basin surveyed by Horvitz). Mineral- 


ization patterns also have been found 


associated with such traps i.e., the 
radiometric anomalies on the edge of 
the East Texas field 

Considerable evidence that hydro- 
carbon gas diffusion and leakage exist 


1 


also in relatively undisturbed sedi- 
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mentary provinces may be adduced 


from extensive studies Buckley e 


al’) of formation waters in the Wood- 
bine aquifer of East Texas, and in 


other oil provinces. Much gas is dis- 


Oo 


solved in tormation waters: from 3 to 


t cubic feet of 


. , , 
aissoived gas meas- 


ied at standard conditions per bar- 


rel of water. 


On the edge of the East 


] 


Woodbine water has s 


— 
lexas nmeid,. 
, . 4 1 

iDstantlally the 


same bubble point pressure (escapin: 


pressure as the ndersaturated East 
Pexas crud r\ Ds At Hawkins 
1} 1 
Heid 1 Slmmuar sit won prevalls, the 
} } . 4 - 
bubble point pressure Dell | » DSI 
in both oil and water. However, the 
H \ ms crude } Ce Se ent ite 
l¢ is tS SOc TLa¢rer \V\ tel S 


Most of the dissolved gas in o 


eld aquifers is methane but as mucl 


Ss pe cen etha ( 2 3 ( otal S 
, 
Ss D mn opservec | ( COMDOoOsIft1o1 
solution @as in formation waters Is 
1 ‘ re i? ¢} 4] + ; ; 
substantially ne same as at ot na 
] FF ; , . 
il iS rod cee LPO Salli Ol 
{ ] ] : 
rom neighboring geologic formations 
; ’ aie a 
In the geologic provinces studied, it 1s 
~ > i 


significant that the estimated volume 


of natural gas in solution in formation 
th 


waters 1s considerably large? an @as 


reserves from known o1l and gas fields 
JAS dissolved 


therein, The amount of 


in water increases with depth This is 
significant in proving the escape of 
cases toward the surface by diffusion, 
a process dependent on the existence 
of a concentration gradient 

The general increase in ethane con- 
tent with depth is of further signifi- 
cance. The fact that formation waters 
are generally unders2zturated in solu- 
tion gases is further evidence of con- 
tinuinge gas leakage: for when waters 
are saturated at formation pressure it 
is evidence that upward diffusion has 
stopped. 

Hence, it appears that theories pre- 
viously proposed to explain hydrocar- 
bon leakage, concentration anomalies 
and mineralization distribution in the 
soil may be insufficient to explain 
both the association with structural 
and stratigraphic traps. Failure of 
geochemical prospecting to gain more 
support and to meet with more suc- 
cess in finding oil probably stems from 
the failure of geochemical theories to 
explain satisfactorily the origin of sur- 
face anomalies, i.e., anomalies of both 
hydrocarbons and mineralization re- 
gardless of the type of petroleum ac- 
cumulation, structural or stratigraphic, 
and the relation of such anomalies in 


position, shape and intensity to the oil 


accumulations at depth. 


GENESIS OF GEOCHEMICAL 
ANOMALIES 
According to new concepts of for- 


mation of geochemical anomalies asso- 


ciated with oil and gas fields, they are 


, , 
viewed as Jossil remnants of past up- 
ad hydrault akage from the bot- 


tom of sedimentary basins during their 


formation, compaction, uplifting and 


, ’ , ’ ’ : 
erosion. ‘This hvdraulic leakage tool 
] 
ylace me vy over th period Of active 
sedimentatt ind compaction. Hy 
} f ] ] ] , ] 
qadrocal ns oOo i ncis SaitS derived 
, j rad 7 
PO S ATT r rad@mact ve 
. - ; * 
SALTS race Chemical eiements usually 
iSS¢ ite Wit Oll and @as particu- 
I 
iv 1odine in the process otf genera- 
mm miorated nn — itl t} , te? 
n. 1 vyrated upward with the waters 
rm me O! | st but not least. chang 
OO} piace In environmental condl- 
{ - } re 

ONS rom oxidation to reduction 
CGrenesis rt geochemical anomalies 
] ] ] 1] 
er and around Ol! and @as heilds 
hile they were being formed 1s best 


illustrated by Figure 1. Here a marint 


+] 


asin is viewed to the left of a shor 
ine. Detrital sediments are trans- 
ported for deposition in the basin. 
subsiding under the burden of. sedi- 
nents. It is known from recent sedi- 
ment examination (Smith®) that 


petroleum-like material 1s deposited 


together with sediments and ooze in 


sufficient disseminated volume to 


x- 
plain all the known oil fields of the 
world. All that is required to form an 
oil field is a process of migration, con- 
centration and accumulation in suit- 
able reolovi traps. 

Consider such a trap to be a buried 
sand bar or lens C made of relatively 
relative to the mud and 
encloses it. Now 


A and B (te., 
ing) embedded in the sediments but 


clean sand 


ooze that visualize 


manometers well cas- 
terminated at their bottom in the 


clean sand lens. In each manometer 
clear salt water rises to such a height 
as to be in equilibrium with both hy- 
drostatic and geostatic (overburden 
pressures at the respective bottom of 
The level 


higher at manometer A than in man- 


each well. water will be 
ometer B because of the greater thick- 
ness of ooze and mud around well A, 
and particularly in view of the un- 
consolidated nature of the sediments 
and of their incompetency. 
According to Darcy’s law of fluid 
motion in porous media, a hydraulic 
flow of reservoir water will take place 
1960 
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from A to B within the sand lens. In 
so doing, this fluid contains countless 
tiny globules of oil. At the top of the 
liens, these olobules cannot escape into 
the overlying ooze and mud _ because 
of its fine capillary size. The oil drop- 
ets are filtered out at the upper end 
of the lens because oil is the non-wet- 
ting phase and it would have to over- 
come a large capillary pressure gradi- 
nt to re-enter the mud and ooze 
hich eventually will become shale. 

He nee. oil and vas accumulates at 
op of the sand lens and this con- 


hydraulic flow 


ies as lone as the 
s sustained. However, permeability to 
iter no longer exists in the accumu- 
ed ol Zone ana hydrault leakage 
ced round the 


ac¢ umulation 


«>? 
is shown in Fieurt This oil accum- 


viewed aS a 


lation process may be 

evival of the Munn theory It ap- 

ears aS a very realistic explanation 
only of oil Na gas ac umulation 
stratigraphic and structural traps 
LIS ot mune 1 itlon effects that 
ur in unconsolidated sediments 


- : 
ving developing oil and gas 


mulations 


, 
orates around 


\s formation water m 


etroleum deposit from greater to 


: ee 
shallower depths, it cools and precipt- 


S salts within the ceologi sec tion. 


J 


, ; J; a “qi , 
sf to a zonal daistrioution 


Absorption of 


, , 
ina ile Ol field. 


ions and hydrocarbons may also 


s 
f 


play a part in this mineralization 

One of the most striking evidences 
of the vertical formation water leak- 
age during consolidation and compac- 
tion of sediments is the low resistivity 
domes even 

1.000 feet 
below the depth of investigation of 


of the earth over salt 


when buried more than 


surface resistivity measurements. Pre- 
sumably, upward salt wate migration 
around salt domes rendered the shal- 
low formation waters more saline, thus 
West® 

Further evidence of upward water mi- 


resulting in lower resistivities 


gration, partly in vapor form, is found 
in the higher salinities in a geologic 
horizon in depth, compared to lower 
salinities at shallow depths in the same 
horizon. Arbuckle waters attain 300,- 
000 ppm salt content in the Anadarko 
Basin in Oklahoma at depths of 10,000 
to 15,000 feet; in northeastern Kan- 
sas, Arbuckle water salinities of 2,000 
to 5,000 ppm are observed at about 
2.000 feet (Case® 

Hydraulic leakage around oil and 
gas accumulations explains the min- 
APRIL 
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eralization halo which geochemists 
heretofore have not explained satis- 
factorily. This halo may be evidenced 
at the surface in various ways, as fol- 


lows: 


@ By increased radioactivity above 


background level 


@ By the presence of anomalous 


minerals and of mineral alteration 


produc ts 


@ By anomalies in the transmission 
of radio waves because of variation 
in the dielectric constant of near sur- 


fac eC ToC ks 


@ By variations in rock resistivity, 
in oxidation-reduction pote ntial, in or- 
ganic content, in bacterial population, 
CEL. 

Flerov'® has shown that radioactive 
anomalies may carry to substantial 
depth by investigating the composite 
radioactivity of 


and around the Guselky oil field. He 


a number of wells in 
observed that the radioactivity of 
cores from producing wells was 
smaller than from wells immediately 


field. It 


to use this obser- 


to the edge of the 


close 
should be possible 
vation in systematic geophysical pros- 
pecting for oil by gamma ray logging 
of seismic shot holes, of core holes 
and other well bores, provided the 
measurements are recorded on abso- 
lute radioactivity scales and that ade- 
quate corrections are made for hole 
size, mud density, tool eccentricity, 
type of rock, ete. The general pro- 
cedure would be to integrate the 
gamma ray intensity curve over speci- 
fied and properly selected depth in- 
tervals. 

Additional evidence of mineraliza- 
tion around oil field is found in the 
“induration of sediments” reflected by 
an increased drilling time and reported 
on by Rosaire."’ 

Many proposed geochemical pros- 
pecting techniques for petroleum 
should find a ready explanation in 
the “hydraulic leakage theory” pro- 
pounded here. It appears quite logical 
that Barret’s radio wave proiile 
method’* responds to shallow conduc- 
tivity and dielectric distribution con- 
trasts which cause interference 
between a direct radio wave and a 
shallow refracted ground wave; this 
interference yields the “diagnostic 
anomaly” in the radio field strength 
intensity. Lasky’s'* thermal alteration 
of soil minerals (of clays in particu- 
lar) finds its explanation in the un- 


usual minerals that are formed in the 
zone of mineralization, The presence 
of heavy diagnostic hydrocarbons in 
near surface sediments and soils, the 
so-called “waxes” and bitumen may 
be nothing but micro accumulation 
of “paraffin-dirt” the significance of 
which was known at the turn of the 
century to be an index of oil. The 
search for surface occurrence of par- 
affin dirt was the first authenticated 
indices in the 


use of geochemical 


search for oil. 

A distinct characteristic of surface 
indications of oil is their erratic and 
apparently random distribution. If the 
geochemical leakage of hydrocarbon 
gases and of formation waters were 
taking place in homogeneous, uniform 
and isotropic media from the point of 
view of permeability, porosity and 
grain size, it would be possible to pre- 
dict definite forms, shapes and _in- 
tensities for the expected geochemical 
anomalies. Geochemical methods, 
however, depend on discrete observa- 
tions at selected stations which are 
limited in number. The resulting 
anomalies so obtained are bound to 
exhibit high degrees of erratic behav- 
ior. Even with virtually continuous 
sampling and measurement, as is done 
in continuous recording of gamma ray 
intensity, geochemical anomalies show 
an erratic distribution. Accordingly, it 
is imperative to combine geochemical 
surveys not only with geological and 
geophysical information but also to 
combine geochemical measurements of 


diverse but supporting response. 


COMBINED GEOCHEMICAL 
SURVEYS 

Combined gas and hydraulic leak- 
age over and around oil fields leads 
to the recognition that certain geo- 
chemical observations respond with a 
maximum peak (in the absence of 
water table drift) right above the pe- 
troleum accumulation, whereas other 
geochemical observations respond with 
peak values distributed in a zonal 
fashion around the same accumula- 
tion. The two sets of observations 
should corroborate and supplement 
one another. In geochemical survey- 
ing it therefore appears advisable to 
make two sets of measurements, one 
responding to the peak over the struc- 
ture and the other to the halo. In 
addition, because of the erratic be- 
havior of the results owing to the na- 
ture of the geologic problem, it is 
advisable to make two independent 
measurements in each set. 
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® Drill time studies 


Such a combination of properly 


lected tests sho ild contribute muse h 


’ . , 
oO eliminate the apparent ranaomness 

' ’ 
results, and 


ould increase elr already imposing 
eoree of success in finding oil and 


ras fie lds: 


Geochemical Surveys Incorporated 


1? ’ , ° 
Dallas claims 25 discoveries out of 


8 first class prospects surveyed from 
94? to 1957. 73 of which were 

ed, for a success ratio of 34 per- 
ent 


cePO- 


Horvitz r¢ 109 
! ‘ | 1° 1 


nemical anomalies ove! in eleven 


il period 1942-1955 of whic! he) 
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Sokolov reports the success ratio 


ft wells drilled on veo hemical anom- 
nion to be seven 


made 


ilies in the Soviet I 
n ten when the surveys are un- 


] 


ler favorable geological and geochem- 


cal conditions 

Development of geochemistry. 
Geochemical prospecting became a 
major effort of the Soviet Union about 
1951. 


scientific 


judeing from the number of 
publications in the USSR, 
An 
effort 


recent book by 


recent 


magnitude of 


ws 
ind particularly in vears, 


dea of the 
may be had from the 
Kartsev et al.'® There is presently a 
re-awakening in this country to the 
possibilities of eeochemical 


the 


prospect- 


ing, as evidenced by interest 
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Mv at approximate crest of structure, self-potential values 
decrease toward flanks. 


Why sedimentary structures show 
high self-potentials 


Earth’s electrical currents operate by electrolysis and show 


anomalies on domal structures 


By Orton E. Campbell, President 
Telluric Exploration Co., Houston 
PRESENCE OF A MINERALIZED ANOM- 
ALY, usually in a more or less halo-like 
pattern, associated with a _ geologic 
structure and/or an oil and gas accu- 
mulation, is supported by many years 


of surface geological and conjoined 


electrical current survey work. Evi- 
dence submitted by such geochemists 
as Rosaire, Merritt, Horvitz, Lasky 


and others also supports this relation- 
ship 

Critics of geochemistry raise the 
objection that an acceptable theory 
explaining the origin of the observed 
ano! aly has not been offered. Inso- 
far as the author is aware, this objec- 
tion is valid. 
APRIL 
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The geochemical anomaly is a nat- 
ural phenomenon consisting of a con- 
centration of minerals in a halo pat- 


tern around or over a _ geologic 


structure and/or an oil accumulation. 


This article is a theoretical one | 
in the sense that it proposes an_ | 
explanation for electrical anomalies | 
measured in the horizontal direc- | 
tion at the earth’s surface. BUT | 
it is a practical one in that it | 
argues from data believed to be | 
entirely factual, based on the | 
author's experience. | 

| 


Any acceptable theory as to the origin 
of the anomaly must (1) identify and 
explain the operation of the natural 
agency, or agencies, transporting the 
minerals to the site of concentration, 
2) show why such a concentration 
occurs around a structure and/or an 
oil accumulation and not elsewhere, 
and (3) account for the characteristic 
halo pattern. 

The theory advanced is that one of 
the most important forces transport- 
ing the minerals, and the force de- 
termining the pattern, is supplied by 
electrical earth currents that flow be- 
cause of a difference in the self-poten- 
tial of the earth on and off geologic 


97 











/ 


FIGURE 2—This is an isopotential map of the east end of the Bruner 


oil field, Baylor County, Texas. High self-potentials of oil-bearing struc- 


tures occur In 


structures The self-potentia curves 


ft electrical logs are compiled trom 


lata on these same currents 


If contact with the earth is made 


by two equi-potential electrodes, 
} 


spaced at any desired interval and 


t 
Y * f | I i 7h T | 1} t 
onnected Dy an insulated conauctor, 
i current may flow in the circuit 
} 


] ] 
Insuiatead COnauc- 


formed half by the 
tor and half by the earth 


when there is a difference in the self- 


[his occurs 


pote ntial of the earth between the two 


stations selected Experience shows 
that there is a difference of self-poten- 
ial when one of the stations is struc- 
other. If a 

; 


sufficient number of stations are estab- 


turally higher than thi 
lished along profiles or on a grid pat- 
tern, the outline and details of a 
geologic structure may be mapped on 
self-potential data 

In other words. a seolori struc- 
ture is the site of an electrical field 
with the highest potential at the top 
and the lowest potential at the flanks. 
Experience shows that profiles of struc- 
ture agree very closely with the same 
profiles on self-potential data. Empir- 
ical examples of this are found in 
Figures 1 and 2. 


Given a difference of electrical 
potential on and off structure, and 
strata of various porosities carrying 
water impregnated with soluble min- 
eral salts, natural electrolysis can and 
must take place. In this system the 
negative radicals, such as _ bicarbo- 
nates, would be transported toward 
the crest of the structure while the 


positive ions would be repelled to- 
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a number of geological provinces. 


ward the flanks Hence. arti d 
re? herati b é y 

le? fed a QA Natura WEN Dre } 
and capabdbte / proaducw D- 


° , 
erved anoma 


Most 


on top and steep on the flanks. Since 


structures are relatively flat 


1 
t 


1 
I agrees with tne 


the potential profile 


structural profile, the potential gradi- 
ent will flatten around the edges of 


the top, the mineral transporting 


power of the earth currents will be 

lessened and most of the mineral load 

will be dropped around the top of 

the structure. In time, this peripheral 

area will become highly mineralized, 
] 


its porosity will be greatly decreased 


and very little, if any, mineral ma- 
terial will reach the top area of the 
structure. The final result is the de- 
velopment of a local concentration of 
minerals in the form of a halo, ot 
minimum, pattern over the structure 
On the other hand, structures having 
a steep slope up to the crest might 
develop a maximum pattern. 

The origin of the heavy mineraliza- 
tion observed by geochemists along 
fault planes may be explained by the 
fact that there is a sharp difference in 
self-potential between the high and 
low sides of faults. This is supported 
by the coincidence of profiles on min- 
erals and self-potential across the 


trace of fault planes. 


The theory proposed here has been 
applied to explain some stratigraphic 
accumulations. However, each strati- 
graphic pool is an individual problem 
depending upon local stratigraphy and 
lithology. 


The hydrocarbon anomaly is 
thought to be determined by the min- 
eral anomaly, Where fully developed 
the surface mineral anomaly is merely 
the surface projection of a mineral- 
ized vertical cylinder enclosing the ac- 
cumulation. The ideal development of 
the mineral anomaly is found in fields 
where no water is present, but the 
producing formation carries salt water 
outside and adjacent to the field. It is 


suggested that the hydrocarbon anom- 


wy orlginates from migratory hydro- 


carbons diverted upward by the 


mineral anomaly and not from hydro- 
carbons escaping from the accumula- 
tion 

It must be recognized that such 
agencies as hydrostatic and thermal 
forces may be the prime factors in 
mineral transport, but the nature of 
these forces alone do not account fo 
the halo pattern. Apparently self- 
potential gradient is a balancing force 
} 


which determines and preserves th 


halo pattern 


characteristi | 
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Gravity- 
boosts accuracy, cuts costs 


Photogeology guides 
gravity surveys to verify 
indicated structures and 


avoid alluvial areas 


By Virgil L. Whitworth, 


Independent 
i 


Assoc late, 


Photogeologist 


=~ 


Edward F. Haye, Geophysicis 
Thomas M. Lindholm, 


Geophysicist, Photogravity 


Company, Inc., Houston 


IN SOME AREAS the efficiency 
eravity meter surveys can be 
doubled. Many areas have ac- 
quired a reputation for no- 
toriously imaccurate gravimetric 
surveying coverage; these areas 


could be mapped more 
rately Large savings are to be 


had in avoiding 


following up 
non-structural gravity anomalies 
with more expensive methods of 


detailed geophysical surveying. 


Gravity coverage too ran- 
dom. For example, in the Rio 
Grand Embayment of Texas, a 
conventional gravity map was 
compared with a_ photogeologic 
interpretation. In this region, al- 
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Figure 1A—A pronounced gravity anomaly in the Anadarko Basin in Oklahoma was 
the subject of a more detailed follow-up geephysical survey. 



















aa , = / f ff” / of 
Figure 1B—Some gravity stations were located on relatively less dense alluvium (colored 
area). Lower gravity values obtained on the alluvium led to interpretation of an ap- 
parent positive anomaly. Use of photogeology and/or surface geology could have deter- 
mined in advance the cause of this non-structural gravity anomaly, or could have pre- 
vented its development altogether by enabling gravity parties to avoid alluvial areas to 
the maximum extent. Advance planning can minimize or eliminate metering of al- 
luvial areas in gravity surveys. 
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most all producing fields show some 
photogeologic expression. Photogeo- 
logic prospects were checked on the 
gravity map for confirmation. Only 
an estimated 35 percent of the photo- 
geologic prospects had gravity station 
control across them. ‘The other photo- 
geologic prospects could not be fur- 
ther evaluated by gravity simply be- 
cause there was no gravity station 


control present. 


Planning specific coverage. |) 
specifically planning gravity traverses 
across photogeologic features. many 
prospects can be found which might 
otherwise be overlooked. 

Another example is taken from the 
Anadarko Basin in Oklahoma (Fig- 
ure 1). One oil company undertook 
an expensive detail seismograph_ pro- 
sram to check a gravity anomaly 
Seismic work determined that no 
structural feature existed. The gravity 
anomaly found its origin not at 8,000 
feet of depth but above 80 feet, in the 
configuration of alluvium deposits 

The gravity survey was conducted 
without regard to surface outcrops 


Metering was done at quarter-mil 





intervals along roads. The appealing 





. 


PA : mtegs positive gravity feature was flanked 
FIGURE 2—Photogeologic anomaly is indicated by awkward drainage bends on the 

north and south, and alignment of sinks to the east. Many oil fields show similar 
surface characteristics, even in very low-relief topography. Gravity surveys can follow . 
up photogeologic interpretation, checking out anomalies. At the same time, crews can deposited by streams crossing denset 


by negative gravity from meter read- 
ings taken on less dense alluvium 











avoid alluvium areas determined in advance. Continued on Page 104 
and holds a B.S. degree in geology 
from the latter. He joined Stand- 
ard Oil Company of Texas in 
1951, working first in the San An- 
tonio office before being trans- 

About ferred to Midland. Later posts 
with Standard included that of 
the production geologist in Gainesville 
His experience includes supervision 
Authors of Standard’s gravity field crew 
and analytical gravity and mag- 
netic work 
Whitworth Haye Lindholm aes : 
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work for Roxana Petroleum from ver, Colorado. During World Wat Company of Texas and The Cali- 
1923 to 1926; Simms Oil Com- [1 Whitworth was a captain in the fornia Company. Lindholm worked 
pany, 1926-28; Henry L. Doherty U.S. Army Air Forces in photo- in Standard’s Midland office as a 
and Company, 1928-30; Deep Rock graphic intelligence in the China- reologist from 1952 through 1955; 
Oil Company, 1930-31, and Con- Burma-India theater as a seismic crew observer in Okla- 
tinental Oil Company, 1936-42 homa and West Texas in 1956 and 
Later he was consulting geologist Edward F. Haye, an experienced 1957; and in Standard’s gravity 
to the Brazilian government, and geologist and geophysicist, is pres- section in Houston from 1957 to 
pioneered photogeology in Brazil ident of Photogravity Company, 1959. Later in 1959, he was with 
while with Drilling and Explora- Inc. He was born in San Antonio, The California Company in Den- 
tion Company there from 1946 to Texas. He attended Trinity Univer- ver as head of the Gravity and 

1948. Since then he has been as- sitv and The University of Texas, Magnetics Department. 
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Palynology has important 
role in oil exploration 


Varied microfossils study yields interfacies correlations, helps 


locate stratigraphic traps 


ileontologi al Group Leade1 


Hoffmeister, P: 


Jersey Production Research Company, Tulsa 
PALYNOLOGY, now an accep ool USES OF MICROFOSSILS 
exploration, includes microfos- Age determinations. Palynology 
sils that are useful in (1) maki Tex provides a quick way of dating sedi- 
leterminations, ») correlating wells ments. With improved _ processing 
nd outcrop sections anc }) suggest- techniques, microfossils are found in 


1 1 
vorabDle 


il exploration most lithologies 


S¢ ientists need not limit themselves to 


erpreting environment 
Oil company palynologists and any one group of microfossils; if a 
demu wo! k ¢ rs are establishing sample lac ks spores ol pollen, it may 
tigraphic ranges for these micro- carry hystrichospherids, microforams, 
fossils to generic and specific levels  chitinozoans, or some other recogniz- 


nrous hout the 


-known m1 
tudied by oil 


ations to ¢ 


sefulness in 


I 


world. Groups of able group suitable for age determina- 


being tions. Paleontologists formerly relied 


— 
crolossils are 


researci) OFr- 


company solely on foraminifera or some badly 


broken mollusks; the chances of en- 


‘stablish then partic u- 


countering these in any random sam- 


r ] — 
he oil industry 


A 
é 
. 
T 





In dating a sample, 


ple in the rock sequences are far less 
than those of finding groups included 
in palynology 

As research progresses and as mort 
articles are published, more will be 
learned about the stratigraphic occur 
rence and geographic distribution on 
a world-wide basis for the many gen 
era of microfossils 
Correlations. Palynology also helps 
in the correlation of subsurface and 
surface sections. Since these microfos- 
sils are encountered in almost all types 
of lithologies (less frequently in red 


coarse-grained sediments 


and 


beds 
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FIGURE 1—Stratigraphic ranges of some important microfossil groups. 
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2—Schematic illustration of 


FIGURE 
habitat for oil. 


they occur in most w ind OULlCroy 
samples There are severa methods 
{ ] ' 1] 
| correiaung wells an OUTLCTOD sec 
tions by microfossils 


@ If the same microfossil species art 
found throughout ie wells o1 
uutcrop sections, histograms art 
Sel up bast re] Ol DOoODU 1 OT 


counts 


@ If new forms appear in the rock 


the 


the diagnostic 


sequences, hirst occurrences ol 


some ol microfos- 


sils will suffice for correlation 


@ Often good correlations ar 

quickly established in formations 

of the same age merely by com- 

paring relative percentages of an- 
imal over plant populations. 

It is important to choose the best 

method for the particular fossil assem- 


blage 


Outlining favorable areas. besides 
being used for determining age and 
correlating sequences of rocks, micro- 
fossils are important for interpreting 
environments (Figure 2). Since oil 
pools are often found in sediments de- 
posited on shelf areas paralleling the 
shores of ancient seas, the positions of 
the old shores should be known. 
Spores and pollen are wind-borne 
as well as water-borne; thus popula- 
tion counts from composited samples 
of a particular unit of sedimentation 
reveal the relative proximity and di- 
rection of the ancient shores (Figure 


The value of spores, pollen, hystri- 
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a 


favorable 


the 


modern shore showing 


chospherids, and other minute mucrt 


fossils in loc; 1] 


Invest! rated 


Gulf of 
Ocean 


, 
shores was first 


} 
pic 
I 


using bottom sam 
Mexico 


spore 


from the and thi 
Atlant 


abundance 


and polle1 


consistentiyv decrease 


away from shore Hystrichospherids 
were mostly confined to the brackis! 
marine sediments, while microfora- 


more abundant 


minifera were notably 
in a marine environment 
he 


were applied to 


results of this investigation 


ancient sediments 
Population counts of the spores wert 
made from composited shale samples 
of the Morrow 
vanian age) from many wells in the 
Seminole, Oklahoma area. Isobotani- 


formation (Pennsy]l- 


cal (equal spore population) lines 
indicating sediments containing the 
greatest abundance of spores were 


usually parallel and close to the oil 
fields. A 


semblages_ of 


study of as- 
the Atoka 
Pennsylvanian age) in the same area 
yielded identical results. The actual 
shorelines in both had 
been truncated by erosion. Popula- 


similar spore 


formation 


formations 


tion counts showed very few spores 
in areas devoid of oil pools. There- 
fore, it was concluded that the areas 
were too far 


containing few spores 


basinward to be favorable for oil 
accumulation. 

Although oil pools are occasionally 
encountered in continental beds, the 
author feels that the best location fon 
oil exploration lies in areas where 
nearshore to brackish sediments mere. 
with brackish to 


Oil pools are generally scarce in the 


marine sediments 


true marine sediments because of lack 
of reservoir rocks. 

These microfossils can only indicate 
favorable areas for oil accumulation. 
Other geological and geophysical evi- 
dence must be relied upon for finding 


oil traps in these favorable habitats 


MICROFOSSILS USED 


Microfossil groups most common 


used are plant and pollen 


hystrichospherids and microforamini- 


I 


fera (Figure | 


spores 


Spores and pollen. Plant spores 


] 


Sin le-celled reproductive bodies ot 


such non-flowering plants as ferns 
ms 


pollen grains are one- to several-cellec 
a oe ae, ee . 
male reproductive bodies of flowerine 


Most 


ically charac 


morpholog- 
that 


are openings through which germina- 


spor Ss are 


tC rized by sutures 


tion takes place. A great majority of 
pollet rains have pores and _ fur- 
OWS i ire associated with vern 
natior 

The two groups ol pollen Vraln 
ire gymnosperm pollen, from plants 
that produce exposed seeds (not en- 
losed in a fruit and angiospern 


pollen, from plants that produce en- 


closed seeds in a fruit. Among the 


gymnosperms are the cedars, pines 
and spruces; the angiosperms includ 
such plants as oaks and roses 

Hystrichospherids. ‘lhicse 


erally spherical to triangular bodies 


are gen- 


with spines, although many forms 
included in this group have smooth 
spherical to spindle-shaped bodies 
The average form measures about 50 
These acid-in- 


microns in diameter. 


soluble organisms are important be- 


cause they occur in sediments rang- 
ing from the late pre-Cambrian to 
Recent and show morphological 
changes throughout geologic time. 
Since they are found mostly in sedi- 
ments of brackish to marine origin. 
the paleoecologist can use them in in- 
terpreting environment. 

Little is known about the biologi- 
cal affinities of the hystrichospherids 
although it can be demonstrated that 
some are the eggs of copepod crus- 
taceans and others the resting stages 
of dinoflagellates. They may repre- 
sent also the reproductive cysts of 
desmids (algae) and the reproductive 
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bodies of bryozoans (tiny marine ani- 
mals 

In oil exploration these minute 
microfossils may be especially useful 
in reef reservolr roc ks. They seem to 
be fairly abundant here and in the 
adjoining sediments. In cases where 
forms differ with respect to their rela- 
help 


tive distance from reefs, they 


uitline the approximate positions of 


Microforaminifera. These small or- 


anisms (average 70 microns). found 
n Jurassic to Recent rocks, are being 
sed more and more by oil company 


Although the 


with arenaceous shells are destroved 


palynologists. forms 


by the processing acid (hydrofluoric 
forms with calcium carbonate shells 
ire not: they are converted to cal- 
cium fluoride. It is still unknown 
vhether microforams represent one 
tage in the life cycle of foraminifera. 
or whether they are merely size vari- 
ints of forms with great size ranges 
Where abundant, they generally rep- 
resent a true marine environment and 
they are especially useful for correla- 
tions and age determinations. They 


=~ 


isually indicate environments unfa- 


vorable for oil accumulation 


Little used microfossils. Among the 
lesser known and therefore little-used 
zroups of microfossils currently re- 
celving attention among palynologists 
ire dinoflagellates. coccoliths, disco- 
asterids, chitinozoans, desmids, and 
nannoconids. These are believed to 
have excellent potentialities for solv- 
ing geologic problems. Probably the 
most important are the dinoflagel- 
lates, coccoliths, and chitinozoans 

Figure 1) 

Dinoflagellates. These are micro- 
scopic (25-125 microns in length 
planktonic organisms with a globular 
body that is often covered with an 
acid-insoluble wall of cellulose. An 
equatorial furrow is usually present. 
The surface may be divided into poly- 
gonal plates and ornamented with 
spines. Some palynologists consider 
them to be algae while others think 
they are protozoans. They are found 
from early Jurassic to Recent times 
and have been useful for making 
world-wide correlations and age de- 
terminations. Some oil companies are 
doing research on_ these important 
microfossils. 

Coccoliths. These minute plank- 
tonic organisms have spherical bodies, 
the coccospheres, that are covered by 
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CONTINENTAL BEOS 


EXPLANATION 
OIL POOLS 


ISOBOTANICAL LINES 
(SPORES AND POLLEN 
PER GRAM OF SEDIMENT ) 
FAVORABLE AREA FOR 
OIL EXPLORATION 








FIGURE 3—Schematic illustration of the favorable area for oil in an ancient 


depositional basin. 


numerous calcareous plates (2-20 mi- 


crons in diameter). These tiny plates 
generally separate from the body 
upon death of the organism and are 
often preserved in the sediments. 
These plates have been reported from 
rocks as old as the late Permian, but 
known rocks containing 
middle 


the earliest 
them in abundance are of 
Mesozoic age. Palvnologists are now 
examining marine sediments all over 
the world, in order to determine thei 


potential as a stratigraphic took 


Chitinozoans. Chitinozoans are hol- 
low membranes of various shapes, 
composed of chitinous material, and 
occur in marine rocks of Cambrian 
to Mississippian age. Their biological 
affinity is unknown. These forms, 
among the largest included in paly- 
nology (50-1,000 microns), are ex- 
tremely helpful in dating Lower and 
Middle Paleozoic rocks that generally 
carry few microfossils such as plant 


spores. 


EXTRACTION TECHNIQUES 

Published methods of microfossil 
preparation naturally differ with the 
character of the rocks in which the 
organisms are entombed. A _ recent 
article by Funkhouser and Evitt, 
(Micropaleontology, July 1959) de- 
scribes several methods that Jersey 
Production Research Company uses 
for samples containing acid-insoluble 
microfossils. —The general method is 
outlined briefly here: 


e Treat sample overnight with 
hydrofluoric acid (HF) (52% 
solution 

® Wash sample free of HF. Centri- 
fuge 2 minutes at 3,000 rpm 

@ Oxidize with sodium hypochlor- 
ite (the Heard method) 

@ Treat with ammonium hydroxide 
(NH,OH 

@ Separate with heavy liquid (zinc 
chloride or zinc bromide); cen- 
trifuge in bent plastic tubing 15 
minutes at 2,000 rpm 

© Clip off top of heavy liquid sep- 

aration; transfer to 100-cc centri- 
fuge tube. Add water; acidify 
with about 1 cc of dilute HCl 
just enough to dispose of the 
hydroxide formed when water is 
added to the zinc chloride or zinc 
bromide solution in the test 
tube). Centrifuge at 3,500 rpm 
for 5 minutes; wash with water 
until free of acid. 

In processing coals, the Heard 
method is recommended. It differs 
from many published methods only 
by substituting a 5.25% solution of 
sodium hypochlorite for other oxidiz- 
ing agents. This method was described 
by the writer in Oklahoma Geology 
Notes, Vol. 20, No. 2, 1960. 


GROWTH OF PALYNOLOGY 
The term palynology was originally 
limited to spore and pollen research, 
but many paleontologists including 
the author now use it to include other 
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Thal pial iri eee bares: 


\ i)? Lie ll 
inge, capable 
rossiized, 


t being 


coined from 


Lhe word palynology 
e Greek verb paly? meaning “to 

I . was introduced 
in 1944 by H. A. Hyde and D. A 
Williams. The average size of the 
nbraced in palynology 1s 
about 50 microns: they seldom exceed 


Lhe, lt 


useful in the oil 


scatter or distribute 


Orvanisms Cl 


150 microns particularly 


busine ss hex ause ol 


this small size. Enclosed within small 


particles of rock they readily escape 


They 


material 


the destruc tive action ol the bit 
are even found in the dust 


produced by al drilling 


Probably the first person to observe 
fossil spores was Henry Witham, who 


in 1833 described spores from thin 


sections of bituminous coals in Eneg- 


Credit for 


and pouen by 


Bie 
first isolating fossil 


ind 


pliant spores chemical 


maceration ol 


coals goes to Franz 
Schulze 1855 
used to 


Spores and_ pollen 


were correlate coal SC alTls 


long before they were used in the oil 


business. In the earliest non-industrial 
1S¢ the vy were employed to interpret 


the climatic chan: 


es during the Qua- 
ternary period 
Probably the eat 


cation of palynology to the petroleum 


liest Known appli- 


} 


industry was in Roval 
Dutch Shell engaged Dr. R. Potonié. 
al 


1938. when 


a German specialist on spores an 


pollen, to do some expr rimental work 
in Europe 
spore and 
1946 by Dr. L 
the University of 


work done in 
R. Wilson 
Oklahoma 
a { nited States 
or Canadian oil company. As a 
Phe Carter Oil Company, 


Resear h 1) partnent, he successtully 


pollen 
now atl 
Was 
probably the first for 


COn- 


sultant fo 


correlated two wells located about 


15 miles apart in east Texas solely 


by palynological means. Mrs. J. Wyatt 


Durham’s 1945 work on spores and 


pollen for the ‘Tropical Oil Company 


in Colombia was probably the first 

of its kind in South America 
Evidence of the importance of mi- 

crofossils in oil exploration 1S the re- 


cent rapid growth of palynology in 


the industry. In 1947, for example, 
of the 26 spore and pollen investiga- 
tors in the United States and Can- 


ada, only one was emploved by an 


oil company. In 1954 there were 61 


’ 1] 
and pollen workers in the 
United St 


were with oil companies 


spore 
ates and Canada, and five 
At the pres- 
half of the 


100 or more palynologists in North 


ent time approximately 


America are full-time oil company 
employes 
Corresponding increases in the 
number of oil company palynologists 
have undoubtedly occurred in other 
parts of the world. According to Pro- 
Sweden 


1958 


fessor G. Erdtman of per- 


sonal communication, Russia 


now has 1,000 workers in palynology, 


90 percent of whom are women. Re- 
cent Russian literature emphasizes the 
important role palynology is playing 


in industrial research 
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Gravity -photogeology boosts accuracy, cuts costs 


Permian shale. Reasonably accurate 
estimates of the thickness of the allu- 
vium were later made from the grav- 
ity map. In this instance, coordina- 
tion of photogeology with gravity 
could have avoided expenditure of 
large sums of money 

Density changes or masses closest 
affect it most 
critically, by the inverse of the square 


with 


to the gravity mete! 
of the distance, in accordance 
Newton’s These 
density changes can cause anomalies 


Laws. near-surface 
of the same size, shape, and amplitude 
as deeper subsurface structures. 

A photogeologist can readily out- 
line alluvial deposits and advise the 
gravity field party to avoid such areas 
in locating stations. If it is essential 
to place some stations on alluvium in 
order to gain adequate control, an 
correction can be 


average alluvium 
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added to station values so obtained. 
This tends to remove potential mis- 
leading gravity anomalies. A knowl- 
edge of leached-out areas, sinks, and 
particularly of formation changes is 
essential to accurate gravity mapping. 
Surveying and computations should 
be adjusted consistent with lithologic 


density changes. 

With cost-cutting and increased 
efficiency becoming ever more impor- 
tant in the oil exploration picture, 
coordination of gravity with other rel- 
atively inexpensive exploration tools 
and methods is a natural develop- 
ment. Heavy emphasis is being placed 
on gravity and photogeology. In- 
terpretation of stream, vegetation, and 
fracture patterns and other similar 
features from aerial photographic 
become an effective 


mosaics has 


Continued from Page 100 


means of guiding oil exploration. The 
accuracy of this method and also of 
the gravity approach is being im- 
proved by combining both. 

For instance, in shallow basement 
areas a gravity anomaly can easily be 
caused by a mass of denser igneous 
material within the basement. How- 
ever, if the anomaly correlates with a 
photogeologic suggestion of structure, 
e.g., a suggestive fracture pattern. 
halo effect, an appealing drainage 
pattern or any other geomorpho- 
logical structural indication, the like- 
lihood of no structure being present 
is greatly reduced. 

Hence, integrating gravity with 
photogeology is technically and 
monetarily beneficial. As these case 
histories show, coordination pays 
large dividends. 
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Electronic computers aid 
many exploration phases 


Electronic data-processing gear useful in mapping, log inter- 


pretation, and gravity work 


By Edward J. Assiter, Petroleum Representative 


International Business Machines Corp. 


IBM de Venezuela 


Caracas, 


L 


0 10 20 0 10 20 
1 J i 


Venezuela 


fue use of electronic computers 
as applied to petroleum exploration 
is becoming more widespread as new 
applications continue to be found and 
developed. Although it is not gen- 
erally expected that computers will 
actually replace ceologists Ol geophys- 
icists for any particular function, it 
is probable that in many cases those 
who improve their work output 
through use of available computing 
and other automatic data-processing 
equipment will enhance their chances 
for advancement. 

This 


into five general exploration topics. 


article has been categorized 


They are geological mapping, log in- 
terpretation, statistical property eval- 


uation, reflection seismograph data 


Log-2 


= 
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interpretation and gravity data in 


terpretation. 


GEOLOGICAL MAPPING 


Exploration and development map 
construction consumes a major por- 
tion of time assigned such projects 
Hence, many informative mapping 
possibilities in an active area are neg- 
lected due to work load restraints. A 
flexible and compact program to plot 
geological, geophysical, and land sur- 
vey maps has been developed, utiliz- 
ing automatic data processing equip- 


ment. 


The geological phase of the routine 


is capable of performing computations 








FIGURE 1—Statistical correlation of electric logs is similar to 
the manual method. Two logs are placed side by side, or two 
digitized logs are stored in the computer, A correlation is com- 
puted for each step as one of the logs is displaced. The best 
use of the computer routine here is in sections where there are 
too many correlatable log characteristics for the eye to separate. 
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Statistical Exploration 


FIGURES 1A-1G—Evaluation of large properties or concessions assumes that an 
area can be proven by grid or pattern drilling. To determine parameters, available 
statistics are summarized in the form of distribution functions. A sequence of steps 
is indicated here to evaluate all known pertinent data as to the size, shape, orienta- 
tion and distribution of potential reservoirs. In Figure 1A, the complete set of reser- 
voirs is classified as to horizontal area against the frequency of occurrence of each size. 
Data are developed on frequency-shape distribution (1B), shape-area distribution 
(1C), frequency-orientation distribution (1D), frequency [potential reservoir sands 
per well] distribution (1E), drilling and lease costs (1F), and expected rate of re- 
turn from reservoirs found (1G). More refined geological and geophysical data are 
admitted to the problem to modify the grid pattern and yield optimum drilling lo- 
cations. 
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necessary for depth, isopach, and rat 
maps. Provision is made for addition 
of subroutines to the program for any 
other type of geological map desired 
A symbol is plotted to indicate posi- 
tion of assignment of up to ten words 
of 5-digit alphanumeric information 
above Ol below the symbol: e.g. well 
name, rotary table elevation, depth, 
test data and sand thickness. The 
type of map and scale desired is indi- 
cated by a header card to the data 
deck 

Input to the program must include 
a scale factor for the map, original 
and final coordinates, and any data 
necessary for the computation of the 
map desired. The output cards serv 
as off-line input to the special map- 
plotting routine. In addition, the orig- 
inal and final coordinates are plotted 
with the coordinate values. If the 
proper paper is selected for the plot- 
ting, it will serve as a base map for 
contouring. 

Operating time for the medium- 
speed electronic computer is deter- 
mined by the amount of information 
desired at each point plotted. If an 
average of four words of alphanu- 
meric information is plotted for each 
point, the process rate is approxi- 
mately 40 to 50 points per minute 
This output is greatly increased if 
magnetic tape is the computer output 
and tape-to-card conversion is used. 


LOG INTERPRETATION 


The more popular uses for electri- 
cal, radioactive and velocity logging 
include the following: bed detection 
and definition; correlation; porosity, 
saturation, and oil water contact de- 
terminations; gas-oil contact (neu- 
tron) ; estimation of permeability, and 
in some cases the determination ol 
the maximum producible oil index. 

These quantities are not represented 
directly by the curves on the logs but 
must be inferred from the shapes and 
magnitudes and relationships of the 
curves. Prior to log analysis some of 
the curves must be corrected for un- 
desired borehole factors. 

The two approaches to interpreta- 
tion and correction of logs are quali- 
tative, and quantitative, analyses. 
Qualitative analysis is by far the more 
frequently practiced by geologists, but 
with the renewed emphasis on the 
evaluation of every potential reservoir 
in a well and the search for previous- 
ly overlooked reservoirs, the quantita- 
tive approach is becoming more at- 
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FIGURE 2—This shows a portion of a seismic map which 
may be plotted by electronic computers. The map may be 
plotted for any indicated horizons, including phantoms. De- 


tractive. Electronic computers are 
being used as an aid to interpretation 


in both CASES, 


Qualitative analysis. To define the 
beds and detect repeated or omitted 
intervals of the geologic section the 
log must be correlated with one or 
logs in the same area. Quite 
olten several intervals are found with 


more 
same magnitudes of 
similarity. Or perhaps the interpreter 
cannot survey the over-all character- 


seemingly the 


istics of a large interval where indi- 
vidual small members may be erratic. 
In these cases it is often helpful to 
have a statistical measure of the simi- 
larity of two intervals. This helps the 
APRIL 
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a velocity surface. 


interpreter to know whether or not a 
correlation exists. 

Statistical correlation of electric 
logs. The machine process is very 
similar to the manual method. Two 
logs are placed side by side (or the 
two digitized logs are stored in the 
computer) and one is displaced by 
separate steps. A correlation is com- 
puted for each step. The computation 
is simply the multiplication of the 
corresponding amplitudes of the 
curves and the summing of them for 
each step (Z). The maximum cor- 
relation value or values is the point at 
which the correlation is most likely 
(Figure 1). 

This process requires many thou- 


pending on availability of velocity data, depth maps may be 
plotted using a single velocity function, a velocity gradient, or 


sands of multiplications and additions 
on the computer and could consume 
much machine time if an unwise 
choice of a starting point is made. 
Correlation intervals should be chosen 
as narrowly as possible without sacri- 
ficing any distinctive log characteris- 
tics which might be correlatable. The 
best use of this routine is in sections 
where there are too many correlatable 
log characteristics for the eye to sepa- 
rate. 


Quantitative analysis. Detailed 
analysis of carefully-chosen electrical 
and _ radioactivity provides a 
method of obtaining values for satura- 
tion and porosity, and indications of 


logs 
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FIGURE 3—If a continuous interval velocity log (CVL) is 
available, a synthetic seismogram may be constructed on a 





FIELD 
SEISMOGRAM 


computer and plotted for comparison with the field seismo- 


Several logging com- 


permeability 
theoretic ally 


panies have published 
and empirically determined equations 
and charts which relate borehole 
parameters. Use of proper combina- 
tions of these relationships yield 
values for the quantities desired. Use 
of a stored computer program allevi- 
ates the laborious and often error- 
conducive aspects of this process. 
Generally, the stored program in- 
cludes the charts and curves in the 
form of tables or equations. The data 
obtained from the logs are entered on 
the the 


tables, makes computations and de- 


cards: then machine scans 


cisions to arrive at the values. When- 


ever insufficient information is fed 
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into the machine, it signals that a 


final result cannot be reached with 
the data; henceforth, the proper cor- 
rection can be made 

The advantages of machine inter- 
the 


may be summarized as follows: 


pretation over manual method 


@ A standard may be set for inter- 
pretations of logs in almost any 
area. More important, this stand- 
ard can be modified for peculiar 
effects in each area, thereby al- 
lowing for integration of experi- 
ence into the program based on 
production data. Loss of experi- 
enced personnel need not mean 


the loss of experience. 


SYNTHETIC 
SEISMOGRAM 


gram. This identifies the origin of reflections and any multi- 
ple arrivals on the field seismogram. 


@® Human error in the interpreta- 
tional process is minimized 

® Historical files may be processed 
in search for overlooked poten- 
tial reservoirs and workovet pos 
sibilities with minimum personnel 
and time 

@ Logging and interpretational pro- 
cedures may be evaluated to see 
if best information is gained fot 
the investment 

@ Evaluation of reservoirs is rapid, 
approximately 100 sands per hou! 


STATISTICAL EXPLORATION 
Many basins have sedimentary sec- 


tions composed of numerous, irregu- 
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\utomatic data-processing, plotting and electronic computing equipment in use along same lines as methods described in text. 


] 


rly-shaped lenticular sands which 


ire hydrocarbon reservoirs when in- 


erbedded Lhese 


seem to be devoid of structural trap- 


with shale. areas 
ping possibilities due to the limits of 
resolution of geophysical and geologi- 


Most 


production from such 


cal techniques. stratigraphic 
areas has gen- 
erally been associated with structural 
reservoirs, since geophysical tech- 
niques are more effective in detecting 


Minor 


undetected. 


structures faulting may be 
similarly 

A question arises as to how many 
of these nondetectable traps exist on 
a spec ified “large” lease or concession 
and how much oil can be expected to 
The 


viously a statistical one. 


be present. true answer is ob- 
A good esti- 
mate can be given if sufficient perti- 
nent information is available. For the 
economists or management the ques- 
tion read, 


“How 


from this property in view of explor- 


might be rephrased to 


much profit can we expect 


ation and production costs?” or (more 
the this 
property and how much can be spent 


simp! “what is value of 
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in advance on exploration and _ still 
vield an attractive rate of return on 


the investment?” Of course, associ- 
ated chance factors such as unfavor- 
able market conditions, political con- 
ditions, competitor activity and con- 
cession or lease termination deadlines 
affect be con- 
sidered in some way. 

To evaluate the property properly, 
concern must be shown for all factors 


the answer and must 


which significantly affect the accumu- 
lation, production and the cost of ex- 
ploring and developing reserves. These 
factors naturally include the 
shape, orientation and distribution of 
the potential reservoirs. Other perti- 
nent factors include 
costs of exploratory drilling and geo- 


S1Zé, 


costs of leases, 
physical surveys, and the rates of re- 
turn from developed reservoirs. 

The procedure assumes that an area 
can be proven by grid or pattern drill- 
ing. The problem is then to determine 
the grid spacing, orientation of lines 
and how these can be 
varied to take advantage of local con- 
land 


parameters 


ditions (e.g., abnormal costs, 


locally known geological conditions 

To find values for these parameters 
the available first be 
summarized in the form of distribution 
functions to render them applicable 
For example (Figure 1-A) the com- 
plete set of reservoirs is classified as 


statistics must 


to the horizontal area against the fre- 
quency of occurrence of each size. 
Based upon the frequency area dis- 
tribution (Figure 1-A), the frequency- 
shape distribution (Figure 1-B), and 
the shape-area distribution (Figure 
1-C) along with volume considera- 
tions, it would be possible to specify 
a grid spacing which would include a 
specified percentage of the reservoirs. 
This would undoubtedly be uneco- 
nomical since, among other considera- 
tions, it neglects all cost requirements. 
If consideration is given to the fre- 
quency-orientation distribution (Fig- 
ure 1-D) and the frequency (potential 
reservoir sands per well) distribution 
(Figure 1-E) then the grid-spacing 
and orientation of the lines are speci- 
fied for any desired percentage of 
successes. However, this is still insuf- 
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ficient, as the evaluation should be in Hence, many steps in a reflection  zons and faults (if present) from the de} 
monetary units to have meaning. data gathering and inte pretation cross-sections, then map construction ing 
lo find the optimum spat ing it 1s project may be performed by comput- may begin Figure 2 Maps are Mh 
necessary to consider lease and drilling ers. Various such steps are discussed plotted for any or all of the horizons, co 
costs (Figure 1-F) and the expected here. If the input and output data are including phantoms (in which case ( 
‘tte of return on anv size reservoir Chosen carefully, these programs may dips are averaged). Again, if velocity the 
Fioure 1-G). This allows the deter- be used in sequence with a minimum _ information is available, a depth map , on 
mination of the correct pattern and Of card punching. is plotted using a single velocity func- a 
° ° ”? ‘ : —_ m — acaiaal - t; 
number of wells for maximum rate of Survev network. Errors which enter tion, a gone ty ~ nt " a ee - 
retiur ' 2 ~ : . ss . surface. Naturally, 1lsopacnhs are devel- or 
eturn on the total investment seismic surveying data due to human vic ipsigt , nO 
. : oped in much the same manner as the ti} 
and instrument inaccuracies must be ; TI a ee 
. . : : ) ; aps. » Same Dasic dec ®) IT 
More refined geological, geophysi- smoothed o1 adjusted out to tie with otne! ™ t] = ~. fa 
, : . . 7 : : ‘ ; * , . se ODera- 
Cal and any other information 1s then control points. Error distribution iS cards - Us¢ d lor a I of t — 7 ca 
1 . : : S n < ye 
idmitted to the problem in order to accomplished on the compute! SO that tions with any - w information eng ir 
detect any sionific ant effects it may the network contorms to as many con- added at any ume. 0] 
have on the solution. The usual effect — trol points as desired. The computa- Velocity determination for depth ro 
will be to destroy the grid pattern and tion tec hnique is a form of relaxation conversion and migration. Pime-depth se) 
vield optimum locations to drill. method which computes the corrected information obtained from detonating | ca 
Ithough the stated factors are some coordinates for each shot point and dynamite charges near the surface I id 
of the most important in the general punches out a deck of cards with this and recording the time of arrival of Hi 
problem. there will naturally be many information. as well as the elevations the sound wave at geophone positions | pl. 
variations in stating the problem, re- of each point mow ll is probably the best velocity | 
quiring consideration of other distribu- A base map may he plotted, to anv information available for the conver- , ' 
; : sion of reflection time data to depth 
Ons scale, by the use of a special plotting H hi Tem : o} 
: >. ° . . V » rr ) < I ) < ) 
Hence, the computer s role is to control panel in the plotter. An ele- “3 + ver, apply | _ 408 _ Mon | st 
summarize the voluminous data neces- vation map may also be plotted, if to tne larac amounts ot ¢ - i it en 
sary in the preparation of distribution desired. The plotting proceeds at a be a d in _ analytic equation | 
functions. Should assumptions be made maximum of 150 points per minute. lable | . [his IS act — : ~ 
: ‘ ae . x curve hitting routine which finds the , 
as om ee eee a Analysis of raw reflection data. low order polynomial or equatiot 
try : . i 7 : . / ~ s ) ( e ( < “quis } 
ributions, then the computer will fit [here has been no practical method white leak tatmnedin te eee 
shea on : ; ‘ ( ‘Ss epresents Cc e-Ge l 
he desired function to the data and developed to pic k and record auto- pie Th dean me i sale tal 
. . ~ e ; oa 3 ata. e ascertaine e < S are 
ompute the most satistactory values matically reflection information need- then admitted to the computer to ef | 
the 1 te ' , en % ed te 2 ; te | 
{ the parameters of the functions. ed for interpretation. Therefore, man- , h 
' se a ; fect a depth isopach map for each of 
ually picked “raw” reflection times sis diicioai Uinsiienes 
- x e c esire ( Se 
GEOPHYSICAL APPLICATION along with datum velocity informa- : 2 
:; ; Migration charts or templates (for 
“ . ‘ ‘ tion must be recorded on the coordi- = 3 F , - 
Reflection seismic data. Since most - map }-dimension migration) are com- 
gee : nate card from the survey. With the 
of the interpreter’s time is devoted to; ; puted from the time-depth equation 
' ; ' furnished information the computer . ae 
the routine reduction and handling ; : to be applied to time maps (Table 2 
© dat e “ee will compute the corrections needed 
Ot Gata on 1@ average seismic survey, . . . F a , re 0 
a to reduce the reflection times to a In many areas of exploration there 
insufficient time remains to extract ee : 0 iw ; 
. ? a : specified datum. is elthner no, or insulticient, we Vee 
more information and to utilize trial : ; ; ee , é 
: Should a cross-section (time) be locity information. In these cases it 
and error methods. Most of these tasks : ‘ 
desired, then it will be plotted to scale is often feasible to use surface meth- 
require standard calculations and de- ; ea ; ; ate 
3 ; on the plotter. If velocity information ods to determine interval velocities : 
cisions which are ideal automation. ‘abl "eee é ' 
crigesia. Is available, a depth section can D€ and an over-all velocity function. Re- ) 
ytted < ‘ase e “ys ee 
ple tted so. In . ise of ste p dip im fraction lines will vield usable velocity , 
the area it is often necessary to mi- .- ¢ ‘ a a oe ees 
; oa a cd information if properly treated. 
TABLE 1—Time-depth chart for determin- grant une oh ections _ to = Tvi ial — ( 
ing the equation which best represents the positions in depth or time, resulting ying mapped horizons to geologic , 
time-depth data. Equations are then ad- in 4 plotted migrated section. horizons in available wells (Figure 3). | 
mitted to the computer which effects a : : , , . —— ‘ 
depth isopach map for each desired After the selection of mapable hori- In order to transform each seismic 
horizons. 
V Vo + aZ 
V 6455 a 663 ¥ i | 
TABLE 2—Ray Trajectory Migration—tLinear Increase in Velocity With Depth. ; a 
rime |Depth| Time | Depth Time | Depth Z is Depth H is Horizontal Offset. U 
1500 | 6272 1600 | 6811 1700 | 7369 
1501 | 6277 | 1601 | 6817 | 1701 | 7375 TIME 2.000 2.010 2.020 2.030 2.040 2.050 a 
1502 | 6282 | 1602 6822 1702 | 7380 
1503 6288 | 1603 | 6828 1703 | 7386 AT Zi} H | Z H Z H Z H z{|H Z| i re 
1504 6293 1604 6833 1704 7392 | | | cee 
505 6298 1605 6839 1705 | 7397 0 | 9503 00 | 9569 00 | 9635 00 | 9702 00 | 9769 000 | 9836 | 000 6 
506 | 6304 | 1606 | 6844 | 1706 | 7403 2. | 9502 69 | 9568 69 | 9634 | 70 | 9701 71 | 9768 71 | 9835 72 
507 | 6309 | 1607 | 6850 | 1707 | 7409 4 | 9501 | 138 | 9567 | 139 | 9633 | 138 | 9700 | 142 | 9767 | 143 | 9834 | 144 
1508 6314 1608 | 6855 1708 | 7414 6 |} 9499 | 207 | 9565 | 209 | 9631 211 | 9698 213 | 9765 215 | 9832 | 217 
509 =} 6319 1609 6861 1709 7420 S. | 9497 276 | 9563 278 | 9629 281 | 9696 284 | 9763 286 | 9830 | 289 
1510 6325 1610 6866 1710 7426 10 | 9494 345 | 9560 348 | 9626 351 | 9693 355 | 9760 358 | 9827 361 ‘ 
1511 | 6330 | 1611 | 6872 | 1711 | 7431 12 9490 | 414 | 9556 | 418 | 9622 | 422 | 9689 | 425 | 9756 | 429 | 9823 | 433 
1512 | 6335 | 1612 | 6877 | 1712 | 7437 40 | 9369 | 1372 | 9433 1384 | 9497 | 1397 | 9563 | 1410 | 9628 | 1423 | 9693 | 1436 
sd 
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th 
ne 








al | to yield a 


depth map to one with geologic mean- 
ing, the mapped horizon must be tied 


with available well control. If a 


continuous interval velocity log 


CVL) is available in the well, a syn- 
thet seismogram may be construc ted 
on the computer and plotted so that 


, comparison can be made with the 
field seismogram. This identifies the 
origin of the reflections and any mul- 
tiple arrivals present on the field seis- 


mogeram. 


If several wells are present in the 
irea to serve as control depth points 
for the mapped horizon, then the er- 
the 


seismic depth map may be entered on 


or existing between them and 


Tl 


ids, and the complete map will be 


djusted to agree with the control. 
Her again the corrected map is 
ted out 


Stratigraphic analysis. With the re- 


cz Shiit of emphasis toward stratl- 
phic analysis using the reflection 
SInOg! iph, several tools have been 
oped to this end (ne ol the 
frequently used to find pinch- 


of potential sands 1s the SVii- 
SeIsmogram Phe reneral pro- 

Sto construct i svnthetic seis- 

m from a CVL and correlate it 

i field seismogram to determine 
cl ind position OI a specified 
on the seismogram. The bed is 
thickened, thinned or eliminat- 


the C\ | indanew synthetic 
in s computed from the 


d CVL 


ication Is observed, and an 


The effect of this 
ana- 
searched for on. the 


his 


solu- 


1 
lL seismograms. 


| 


ct is repeated until a plausible 


used [tO Gereci 
mathemati- 
tering of the held seismograms 
| 


echnique is used to eliminate o1 


tain bands of frequen- 
thout introducing electronic 


distortion. An 


reflection 


example of this fol- 
inter il 1S be- 
responsive to a 60-cvcl 
then a mathematical filter 1s 
UCS nea to emphasize O1 eliminate 
the reflection on 
Phe 


measure ol 


equency [trom 


results are 
the 


to the 


11¢ record. 


CST) 


nsiveness of this interval 
therefore, a meas- 


Che fil- 


seismogram is plotted out in the 


r pulse and, 


the interval thic kness 


nanner as the syntheti 


ical prediction ol the pres- 
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ence or absence of a reflection in a 
certain interval on a reflection seismo- 
cram is being used in a limited way 
for stratigraphic analysis. The predic- 
tion is based on previous amplitude 
values of the seismic traces to predict 
the probability of amplitudes in the 
specified interval. Therefore, a prob- 
ability of the absence or presence of 


a reflection in the interval is obtained. 


Gravity data interpretation. Here 
the interpreter’s time is devoted more 
calculations and correc- 
the 


seismic interpretation. Standard pro- 


to routine 


tions than in case of reflection 


cedures and equations are usually 


adopted by gravity 
that 


interpreters SO 
basic interpretation differences 


result from differences in such basi 


assumptions as near-surface densities 


and grid spacings. The computer's 
calculation speed and versatility in 
plotting maps allow many studies of 
parameter variation 


\ cveneralized Interpretation pro- 
cedure 1s presented below in order to 
demonstrate the steps in which use of 
a compute! would be advantageous. 
Many of the 

interpre 
] 


also. 


routines discussed in the 


seIsmk tation section are used 


here 
Survey network. Adjustment of the 
network survey is the same procedure 


] 


as described under seismic. Observed 


gravity values may be plotted in map 
as the base (station co- 


form as well 


ordinate) and station elevation map. 

Regional and residual separation. 
\ rehable study of either regional, o1 
residual gravity requires separation of 
their effects. The usual approach is to 


assume that basement gravity values 


change slowly compared to the over- 


lying sedimentary anomolies. Conse- 
quently (allowing for a faulted base- 
ment), regional gravity may be ap- 
proximated by a low-orde surface, 
but higher order than a plane. The 
‘least squares” surface-fitting routine 


lor regular or irregulary spaced points 


1 


is used to accomplish the separation. 


Regional and residual values may 


he plotted out on one or two maps 
several 


for contouring. At present 


eophysical laboratories are experi- 
8 enting with approae hes to contour- 
ing regional maps automatically. 
Interpolation of gravity values at 
grid points for irregularly spaced sta- 
tions. Prior to the computation of a 
second derivative map or any analy- 
residual values, gravity values 


SIS ol 


must be determined at either square 


or triangular grid points. Again a 
“least squares” curve-fitting routine 
is used to interpolate the station 
values. 

Following the grid map construc- 
tion the size of the averaging circles 
is decided upon for determination of 
a second derivative map. The size of 
circles need not remain constant ove1 
the but 
according to the size and configura- 


whole map may be varied 
tion of the local gravity anomaly. 
Shape, depth and center of gravity. 
Determination of computation of the 
shape, depth and in some cases the 
center of gravity is being attempted 
the 
computation of either of these para- 


on digital computers. However, 


meters is based on assumptions of the 
There- 


fore, the best that can be hoped for 


characteristics of the others. 


is the comparison of the assumptions 
against variation of the assumptions 

This 
presented at the Mid-Continent Re- 
cional Meeting of The American As- 
Petroleum Geologists in 


article is based on a paper 


sociation of 


Wichita, Kansas, Oct. 27-30, 1959 
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Arley Walters, laboratory technician, Shell Development Com- and once each in the two directions perpendicular to its axis. 
pany, places plastic spinner containing core sample inside Closeup (right) shows cylindrical sandstone core plug in 
magnetic field of the laboratory magnetometer. The sample square holder ready for emplacement in the spinner, which 
is processed three times, once in position parallel to its axis in turn is placed in the magnetometer. 


Magnetic orientation of cores 
aids oil search 


Configuration of sandstone lenses, trends of regional sand 
bodies detectable in subsurface 


CONSIDERABLE PROGRESS in the’ with an additional tool for guiding Division laboratories in Houston. The 
quest for stratigraphic traps and fa- field development and exploratory program to study orientation of sand 
vorable sand trends is being made _ trends. grains began almost 10 years ago, 
through magnetic orientation of sand- This research is being done mainly when Shell geologists removed natu- 
stone cores. This research is providing at Shell Development Company’s Ex- _ rally-compacted sand from Galveston 
Royal Dutch Shell Group companies ploration and Production Research — beach, after noting the compass orien- 


air turbine pick-up wr i 
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FIGURE 1—Flow diagram of the magnetometer used to measure the magnetism of plugs cut 
from sandstone cores. This dynamo-type magnetometer was first developed at the Carnegie In- 
stitution in Washington, D.C. 
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tion of each sample. Microscopic 
study confirmed that the long axes of 
most of the sand grains are oriented 
parallel to the depositing currents, in 
this case parallel to the direction of 
incoming waves. With this vceneral 
rule established. Shell proc eeded to 
determine the orientation of long axes 


of sand grains in older sandstones. 


Magnetic material deposited with 
sandstones becomes oriented in ac- 
cordance with magnet north direc- 
tion at the time of deposition. Pro- 
vided that the sandstone 1s « ompac ted 
sufficiently, and secondary factors 
such as cround wate! do not alter 
them later, iron-bearine minerals re- 
tain their magnetic orientation 

Of course, if magnetite 1s present, 

provides a stronger magcnetk effect 
in any other clastic material. How- 
ever, it 1S not essential that magnetite 
y resent, since other iron oxide and 
iron-titanium oxide minerals are also 
magnetic, although more weakly so 
In order to make magnetic orienta- 
S] ell con- 


a program to determine from 


of cores meaninetul, 

‘ ] 
if on © I 
‘ 


magnetic direction in outcrop 


1 1 1 
Samples the north 


position of the 


tic pole during the post-Cam- 


il eoloe1 past She Il’s findine’s in 
al corroborate those recorded in 
literature The position of the 

netu pole has been relatively sta- 


] 
\t the ciose of 


was located in south- 


ble since Eocene time 
Paleozoic, it 
Argentina. Paleozoic magneti 
polar relationships are still being 


Processing cores. [1 preparing cores 
lor processing, cylindrical-shaped 
lugs about an inch long and 34-inch 
in diameter are drilled from a core 
sample. As many as five plugs pet 
sample are thus extracted and ana- 
lyzed in the magnetometer. A drill 


a diamond bit is used to 


The magnetometer used to meas- 
ure the magnetism in the plugs is the 


dynamo type first developed at the 
Carn re 

] 

i 


D.C. Each plug is processed in the 


Institution in Washington. 


I 
magnetometer three times, once par- 
allel to its axis, and once each on the 


other two directions perpendicular to 


its axis. The plug is placed in a plastic 
holder which in turn fits into a plastic 
spinner. The spinner is then placed in 
th 


nagnetometer, which consists co* 


sentially of a pick-up coil with attend- 


APRIL 1960 WORLD OIL 


... orientation of sand grains now being 
deposited, and of post-Paleozoic magnetic 
north, determined in field... 


ant electronic equipment to conduct, 
amplify, filter, and record the minute 
current induced when the magnetic 
field produced by the magnetic mate- 
rial in the sample is rotated at high 
speeds (19,800 rpm) within the coil. 

A very minute signal, usually in the 
order of a millionth of a volt, is in- 
duced, amplified, filtered, and _ re- 
corded as an azimuth related to the 
fixed position of a reference current 
see flow chart. Figure 1, and dia- 
eram showing typical results from a 
plug run through the magnetometer 
operation routine, Figure 2), Under 
ideal circumstances, the three arcs 
plotted from the results from each 
plug will intersect at the same point, 
which indicates the orientation of the 
plug, and of the core. More often the 
arcs will describe a triangle of error, 


the center of which is the approxi- 


REFEREN 


mate magnetic direction and gives the 
orientation of the core. 

Shell’s experience indicates that this 
work has valuable practical applica- 
tions. The ability to predict the direc- 
tion of sand deposition from cores is 
very helpful in field development, 
particularly in lenticular sandstones 
and other stratigraphic traps. 


Limitations. At this time, the mag- 
netic properties in some rocks are not 
favorable for core orientation. The 
magnetism may be too weak to meas- 
ure; or it may be unstable or have 
been altered for a variety of reasons 
which are incompletely understood. 
In addition, the wanderings and va- 
varies of the north magnetic pole 
during the Paleozoic Era are not com- 
pletely known, and these uncertain- 
ties make orientation of Paleozox 


—The End 


cores less ce1 tain. 
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FIGURE 2—Each plug drilled from a core sample is processed in the 
magnetometer three times, once parallel to its axis, and once each in the 
other two directions perpendicular to its axis. Under ideal circumstances, 
the three arcs plotted from the results from each plug will intersect at 
the same point, which indicates the orientation of the plug and of the 
core. More often the arcs will describe a trinagle of error (as shown 
here), the center of which is the approximate magnetic direction and 


gives the orientation of the core. 
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By Pascal Vetterlein, Seni 
PRAKLA, Han: 


A NEW remot 


tion seismo 
veloped and ust 
taneously provy 


joint 


raph 


lading 


registration. 
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How to do refraction work 
by remote control 


Proper instrumentation solves communication problems and 


other former handicaps 


iover, West Germany 


ely controlled refrac- 


has be en de- 


1¢ held. simul- 


( ] 
i 
; 


advantages Ol 


} 


ls simplifica- 


metho 


tion, and reduction of operating per- 
! 1] 

sonnel. The system is especially useful 

; ] ; 

tO eVvaluale rye, remote areas, In 


addition, 


remote 


snore operations 
I 


can bi installed 


Refraction surveys ar 
be¢ 
reconnalss: 


Lin 


que ntly ust d 
qui | 


Inve sts ated 


are preferred: Howe 


D 


ial application of 


contro] CVs 


this 


tem 1s found in off- 
The recelving station 
in a fixed buoy 


one 
Stlil tre- 
si: “tie 


ince Of an 


oe 
provide a 
i 


area to he 


lan p 


eters 


rocedure, in wl 


I Researc h Enginee) 


11K h 


t} 
til 


C SCISINON1- 


| 4 ] ] 
are located fan-wise around the 


shotpoint, is often employed 


Cor 


have 


cannot 


fracti 


vidua 


sequen ce in 


ad jac ¢ 
spreac 


groun 


line 1s 


a singie 


half 
quire¢ 


mile. 


ventional refrac 


t10 


In common that on 


he recorded by 
mn line. but a 
| shots must bi 


the 


nt shothol Ss while 


Salli¢ 


1 is moved to anotl 


d. Since a 


] 


not unusual and 


spr aq Can 


{ 


1 to record the 


tlie 


number of 


ce 


hn methods 


single 


* entire re- 


indi- 


tonated in 


shothole or mm 


the geophon 


1c! 


10-mile 


the 


ardly 


Ser tion Ol 


retraction 
] 
leneth of 


exCeeG 


60 individual shots are re- 


retraction line 1n 








might be laid sumultaneously and con- 


nected by wires to acquire a general 


oscillogram from one shot. Aside fron 


inherent difficulties of maintaining 


such lone connections. the recording 


quality and clarity of seismograms de- 
crease if line losse s be tween geophon 


and amplifier exceed a certain rate 


Also, shots exploding successively in 
the same 


shothole (o1 adjacent shot- 


holes) never radiate the same amount 


of energy. This impairs seismic inter- 


pretation 


Hence. li would be highly advan- 


tageous to record a_ retraction line. 


whether as a line or area investiga- 





ear geophone spreads one direction tion, simultaneously with one. shot 
e) the so-called Theoretically SCVvera halt-mule lines The inchanged geophone lavout 
Antenna | Ii Ol 
Shot A A 4 | 
rf i RE 
- | Geophones To [V-x 
> nae a 8 o—_?—__--_ 9??? o—_-—_¢—_—__#—-@ 
i - e s. i 4 XY 
Remote 
Control 
VHF “Clock And Loudspeaker 
Transmitter ~~ Receiver 
Remote Controlled 
Seismic Amplifiers 
And Oscillograph 
CONTROL SIGNALS 
Blaster 
1) Standby 3b) Shot Number Coding 


2) Seismic Amplifiers On 


3) Paper Start 


30) Break And Timing Signals 


4) Voice Message 


5) Off 





FIGURE 1—This diagram shows a complete remotely controlled refraction system with 10 stations 


for the recording of a linear shot. 
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would prove advantageous for coun- 
ter shooting, for which only one shot 
would be required also 

In the aforementioned offshore ap- 
plication, the receiving station can be 
installed in a fixed buoy and, similar 
to conventional reflection shooting, re- 
fraction can be recorded by control- 


line the receiver from the shooting 


A high-capacity oscillograph 


vessel. 
spool allows as many as 40 recordings 


without changing the paper 


How it works. In the new method. 
single layouts of the geophone groups 
art completely independent For ex- 
umple, for a line of six channels, a 
cable of about half a mile will be 
aid Che geophones are connected. 
and amplifiers and oscillographs are 
wired with the cable These spreads 
correspond to conventional methods 
However, adjustment and release of 
the instruments are not performed by 
in operating technician, but occu 
fully automatically, 1e., remotely con- 
trolled by a transmitter located neat 
the shotpoint. Any number of receiver 


stations may be combined and each 


shot is simultaneously recorded by 
Different 


methods of transmission and receiving 


many receiving stations 


ire explained in detail as follows 

A VHF transmitter is placed near 
the shotpoint. This transmitter can be 
audio-fre- 


odulated by different 


ency voltages as well as by a 
built-in crystal-controlled time. scal 
[he modulating unit is operated by 

technician who communicates with 
the shooter via a standard-type call- 
vire. These 

batteries and are readily portable 

Ne il 


VHF receiver 1S pla ed. tog ther with 


instruments are powered 


each geophone spread, a 
in Operating part for six seismic am- 


plifiers, an oscillograph, and some 
generator parts. All of this equipment 


nstalled in a readily portable box 


\ lightweight storage battery serves 
as energy source. As many as 10 such 
receiver stations may be placed in a 
licht field vehicle. Only one trained 


helper is required for the transport 


and layout of stations. which are all 
noved in the same vehicle: and only 
one field helper is required to observe 
the system. A routine system of 
checks of cable arrangement and geo- 
phone spreads has been worked out 

Much development work was donc 
to assure that all functions, e.g.. ad- 


justment of amplifiers, runoff of seis- 
WORLD OIL 
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FIGURE 2—This photo shows the control element of the VHF transmitter with 
operating keys for different switching functions, indicator lights, chronometer, and 


identification impulse transmitter. 


pl O¢ eed fully 


mogram paper, ele 


automatically and require no_read- 
justment. Sensitivities of single amph- 
fiers are first adjusted by hand to a 
certain scale. Thru use of a slowly- 


running circult, automatic 


cont! ol 
gain control (AGC 
AGC enables the noise signal to pro- 


duce a barely legible seismogram reg- 


may be acquired. 


istration prior to the shot, so that the 
amplifier can be fully utilized for the 
anticipated information signal 

All spurious effects which would 
measuring have 


impair the process 


been essentially eliminated. Each of 
five control functions is fed with a 
different (audio-frequency) voltager 
Frequen ies are so selected that 
effects of overtones and different fre- 


quenc ies are avoided. 


Switching functions are described 
Figure | 
1. Device to keep the receiver-relay 


as follows 


“on” 
. Seismic amplifiers “on” 
Start oscillograph motor 
a. time signal 

b. shot number coding 

t. Voice 
helpers by telephone transmitter 

. Switching ofl 

1. Receiver-relay on. Thru use 
clockwork mechanism all _re- 
ceivers are connected during certain 


message announcement to 


of a 


two-minute intervals, e.g., every half 


hour. Upon receipt of the “put on 


receiver-relays” (signal 1), the re- 


ceiver can remain connected auto- 


matically bevond the two miunutes 


without need for another signal. In 
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FIGURE 3—This is a receiver station with receiving element, antenna, cable, and 
other functional equipment. Ready portability of the equipment is evident. 


case of any incident. the receiver can 


be switched off (signal 5), and may 


be re-connected after the next inter- 
val. The system conserves energy, and 
operating readiness is maintained all 
day long. 

2.Seismic amplifiers on. Seismic 
amplifiers are connected at a specified 
time before detonation of the shot. 
Owing to sper ial connection of ampli- 
fiers independent of receiver-relay 
current con- 


switching (signal | 


sumption and unnecessary usage are 
lessene d. 

3. Start oscillograph motor. Deto- 
nation of the shot is accompanied by 
an audio-frequency wave to start the 
oscillograph motor; this signal is si- 
multaneously transformed into crys- 


tal-controlled impulses at 20 millisec- 
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ond intervals. Every fifth impulse 
1.e.. at 100 


will be 


intervals 
The 


and time 


millisecond 
somewhat less intense. 
start-oscillograph (signal 3 

ib) signals are recorded on oscillo- 
graph loops at the margin of the 
paper tape. This method assures that 
shotbreaks and time marking are uni- 
formly represented on oscillographs 

The 
switched over via manual operation 


sional 3. A 


contact controllable from a telephone 


time signal can again be 


to the sound-frequency 


dial supplies the start-oscillograph 
signal with marking impulses at short 
intervals, providing uniform coding 
of the shot number for all receiver 
stations. 

4. Telephone message to helpers. 


Whenever no additional sound signal 


is given, a microphone may be 


swite hed on to provide oral comimun- 
A pri- 


disassembly of 


ication with field personnel. 
mary use of this is 
instruments following the shot. 

5. Switch off. Receivers and hold- 
ine relays are disconnected and the 


whole system is taken out of circuit 


lo prevent this signal from being 


released by mistake, it is_ specially 
loc ked, and started with two separate 
keys 


All remote 


released with 


control functions are 


a certain time delay. to 


avoid false starts owine to interfer- 


ence impulses. Experience shows that 
relatively interference 


even strong 


voltages cannot impair the system’s 
salety 
Each Station may be manually Op- 


| ] 


erated instead ot radio-controlled. 


The rece ve l 1S built as a replaceable 
inset. A different inset containing a 
push-button system and a time signal 


] 


sender mav be installed. Portability 


of all equipment is apparent from 
Figures 2 and 3 
The new remotely controlled re- 


fraction system thus provides quick 
coverage of a large area with a mini- 
mum of personnel. Recording of 
many seismograms from one shot, and 
constant shot conditions resulting 
therefrom are of special importance. 


—The End 
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How high are Free World 


oil search, development costs? 


About $38.5 billion spent in United States, 
$13.8 billion elsewhere during 1949-1958 


Based on data published by the Petroleum Department, The 
Chase Manhattan Bank 


RECENT sTupIEs have yielded important compilations 
of expenditures for exploration and production facilities 
in the Free World. Some of the pertinent conclusions are 
as follows: 

@ During the decade 1949-1958, $38.5 billion was spent 
for finding and expanding crude oil and natural gas pro- 
duction in the United States. Geological and geophysical 
work and lease rentals amounted to $5.4 billion or 14 per- 
cent of the total 

® More than $13.8 billion was spent in these efforts in 
the Free World outside the U.S. during the 1949-1958 
period. About 16 percent of the $13.8 billion spent fon 
finding and developing oil and gas abroad was for geo- 
ogical and geophysical work and concession costs 

® Non-capitalized expenditures for geological and geo- 
physical work and lease rentals in the U.S. thus amounted 
to $5.4 billion during the 1949-1958 period, and to $2.2 
billion in other Free World countries 

® Expenditures for maintaining and expanding crude 
oil production in the United States increased from $1.58 


per barrel produced in 1952 to $1.95 per barrel produced 
in 1957. U.S. return on investment in production, based 
on existent crude oil and natural gas prices, replacement 
and lifting costs declined rapidly from 1947 to 1957 

© There is a longer lag period between exploration and 
production phases in areas outside the United States than 
within. 
1949-1958, expenditures 
for replacement and expansion of property, plant and 
equipment by the Free World petroleum industry totaled 
$78 billion, of which $48 billion or 61 percent was in- 
S. This outlay is shown by years and 


During the 10-year period 


vested in the U. 
areas in Table 1, by departments in Table 2, and by 


areas in Table 3. 


TABLE 1—Free World petroleum industry expenditures, 1949- 
1958, for replacement and expansion of property, plant, and 
equipment, in and outside the U.S. 


| 


Million Dollars Percent of Free World 


United | Other 











United | Other Free | 
Year States | Countries | World | States | Countries 
1949 3,000 1,925 | 1,9°5 60.9 39.1 
1950 | 2,925 | $425 66.1 33.9 
1951 3,625 | 5,325 68.1 
1952 4.400 | 6,750 65.2 
1953 5.025 } 7.575 66.3 
1954 5,350 | 8,075 66.3 
1955 | 5,600 8,550 | 65.5 
1956 6,050 3,979 10,025 60.3 
1957 | 6,400 5,000 | 11,400 56.1 
1958 5,300 5,400 | 10,700 49.5 
Total | 47,675 | 30,075 | 77.750 | 61.3 38.7 
' 


U.S. Share of World Capital Outlays Continues to Decline 


Ten-year comparisons of investment and cost figures reveal the following trends: 
F J I*°S S 


¢ For the first time in its history, the United 
States accounted for less than half (49.5 
percent) of the Free World’s expendi- 
tures for finding and developing petro- 
leum reserves in 1958. The U.S. share 
has been declining steadily since reach- 
ing a peak of 68.1 percent in 1951. 

e Even so, capital investments in the 
United States have remained relatively 
stable, reaching a peak of $6.4 billion in 
1957. 

e Although 1958 capital outlays to find 
and develop oil and gas reserves in the 
United States were nearly double the 
1949 total, this country’s share of the 
world total dropped from 71.8 to 64.5 
percent. 

* Of five major oil and gas areas, only the 

APRIL 
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United States has reported a major in- 
crease in per-barrel cost of maintaining 
and expanding crude oil production dur- 
ing the past decade. The U.S. per-unit 
cost in 1958 was $1.73 per barrel, up 53 
cents per barrel or 44.4 percent over 
1949. 


e In contrast, Canada’s per-barrel costs 
dropped $4.39 per barrel or 63.7 percent, 
to $2.51 per barrel in 1958. Venezuela’s 
costs averaged 58 cents per barrel in 
1958, down 18 cents or 23.7 percent from 
1949. 


¢ During the same ten-year period, Middle 
East costs declined 12 cents per barrel or 
36.4 percent, to 21 cents per barrel, while 
Far East costs declined 28 cents per bar- 
rel or 24.1 percent, to 88 cents per barrel. 
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TABLE 2—Free World petroleum industry expenditures, 1949- 
1958, for replacement and expansion of property, plant and 
equipment, by departments. 


Million Dollars Percent of Total 


l nited Other Free United Other 
Department States Countries World States Countries 
| 
TABLE 3—Free World petroleum industry expenditures, 1949- 


1958, for replacement and expansion of 
equipment, by areas. 


property, plant, and 


Million 


Percent 


Area Dollars of Total 
59 944 yy 
} 
12,366 15.9 
: , 
| s t ( miciude he cos dril 
cd oO ( se-concession acquisitions. b 
eologica ( eophysical expenses and lease rent 
Ss amout! $5.4 billion in the United States and 
S$?.2 billion } ies for the vears 1949-1958 


Lhe petroleul 
I 


Cost of expanding crude production. 
6. ] 


industry requires substan funds for findine and devel 
in ( di Ol 1 natura is reserves Lhese expend! 
ires by the Free World petroleum industry during the 
irs 1949-1958 ed $52 billion of which 7+ percent 
s spent in tl U1 d States and 26 percent abroa 
< Wn zed in Table 4 


TABLE 4—Expenditures, 1949-1958, for expanding crude oil and 
natural gas production and reserves in the Free World. 


Million Dollars Percent of Free World 


United Other Free United | Other 
Year States Countries World States Countries 
PF f 
Phe combined figure of $52 billion (‘Table 4) includ 
e cost of drilling dry holes and lease-concession acquisi 


tions, ceol iCal 


and geophysical work and lease rentals 
Expenditures for the latter two items represent 14 percent 


of the total cost in the United States and 16 percent 


Distribution of this outlay by areas outside the United 


l'able 5 


States is shown in 


TABLE 5—Expenditures, 1949-1958, for expanding crude oil and 
natural gas production and reserves in Free World areas outside 
the United States. 


Million 
Dollars 


Percent 
| of Total 








( 3,425 } 24.9 
\ 4,136 } 30.0 
} I l 13.6 
Midd I 6 
I I O90 7 
) ( t yo 

ft) (x 

Z } 
[t is interesting to note that the U.S. industry spent 


$38.5 billion or nearly three times as much for expanding 


( rude produ L11OMN AS ¢ Xpt nd d abroad. In contrast, crude 
yoduction in this country during 1958 amounted to only 
percent of the Free World output 


and 


Lhe 


crude 


: ) t ‘ 
rise In unit COs Ol] 


mamtamMinyg 


} 


expanding 
proauction in the United 


States compared wit! 
show) 


ther areas for the 10-vear period 1949-1958 is 


a lable 2) 


TABLE 6—Unit costs, 1949-1958, of maintaining and expanding 
crude oil production in the Free World. 


PER BARREL OF CRUDE PRODUCTION 
United Middle Far Other 
Year States Canada Venezuela Fast Fast Areas 
| should be understood that this computation does 
ot give credit for natural gas and condensate produced 
Revenue therefrom is important in the United States and 
s increasing in other areas also 


Deficit areas. [n different times, 
Suns spent 1o1 exploration production and development 


Triailly ireas 


ive exceeded by far the revenue from these areas from 
oil and gas sales. For instance, during 1948-1957, pro- 
] ae ! ] ] 4 ea : , ] 
duction and development expenditures in Canada 
amounted to $2.9 billion. which exceeded revenue. by 


more than $1.2 billion 


ite) providing ton operating eX- 
Vpenses 


Among other deficit areas, industry has spent more 


than $50 million 


in Australia, $75 million in Papua, $20 
niillion in New Zealand, $25 million in Sarawak, $20 
million in Pakistan, and $125 million in West New 


Guinea 

[The Barco Concession in Colombia is a good example 
ol a concession outside the l nited states which involved 
large 


return was realized. A total of 


1 very investment and also many years before any 
23 years and $60 million 
was expended before the first barrel of oil was marketed. 
(he gross investment in production and pipe line facili- 
close of 1957. 


—The End 


les approximated $100 million at the 
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U.S. hydrocarbon reserves set new record 


and 
ide 
| By Don E. Lambert 
.t Associate Editor. Woritp On TABLE 1—Summary of Changes in 1958 in Proved Reserves of Liquid Hydrocarbons 


al Sources: Crude Oil from API; Natural Gas Liquids from API and AGA. 
: (THOUSANDS OF BARRELS) 



































U.S. omL OPERATORS increased the 
nation’s total proved recoverable re- | Natural 
, , Crude } Gas Total Liquid 
serves of crude oil and natural gas Oil Liquids Hydrocarbons 
> iC Oo Q5¢ Pe ESAS OEM arian sche a a a 
liquids to a new high during 1959 rotal proved reserves, December 31, 1958 30,535,917,000 | 6,204,018,000 | 36,739,935,000 
— > : re | a 
However, the ratio of liquid hydro Revisions of previous estimates and extensions 
; <A < tn ; of old pools 3,297,383,000 593,905,000 | 3,891,288,000 
bon reserves to annual produc vonen New reserves discovered in 1959 in new fields 
decreased slig ntiv. from 13.5-1 in and in new pools in old fields 369,362,000 109,539,000 478,901,000 
958 to 13.35-1 last vear Proved reserves added in 1959 3,666,745,000 | 703,444,000 4,370,189,000 
n : lotal proved reserves as of December 31, 1958 
= The reserve picture in brie! plus new proved reserves added in 1959 34,202,662,000 | 6,907,462,000 | 41,110,124,000 
ce *Less production during 1959 2,483,315,000 385,154,000 2,868 469,000 
otal proved reserves, December 31, 1959 31,719,347,000 | 6,522,308,000 | 38,241,655,000 
\ is . i ince tin _ . : ‘ : 
e Proved reserves of crude oil and Change in reserves during 1959 +1,183,430,000 | +318,290,000 | +1,501,720,000 
y | 
natural gas liquids totaled 38.2 billion 
ns ‘rels I: December 31. : a Le The 1959 production figures were compiled by the committee from records of actual produc- 
i harrels last ecember Ol, an increase tion p+ whatever period such were available, with estimates for the remainder of the year. Any 
| a — - 1952 variance between the actual production, as later reported, and the figures used herein will be com- 
of 1.9 bilhon bar rels over 1958 pensated for through revision when the following year’s reserve report is compiled. These revisions 
| have in the past been very small. Because, in each annual report by this committee, the production 
| figure for the year is an estimate, as just explained, correct total cumulative production cannot be 
® ()perators yroved ip 4.4. billion obtained by adding together the figures listed in successive reports of this committee, or in the 
i : '} ° columns marked ‘“‘production"’ of Tables 2 and 3. 
ing s of new liquid hydrocarbon re- 
ves through discoveries. extensions 
revisions, for an increase of 903.7 
on barrels over the total added 
20 TABLE 2——U.S. Petroleum Reserves Have Increased 10 Billion Barrels in 10 Years 
| NEW OLL ADDED DURING YEAR 
: , al liqui ocar ‘oduc- = 
Annual liquid hydrocarbon produc a a Saand Mam eee 
| ale 2.87 “ins arre of Previous Discoveries | Discoveries, Proved 
tion totaled 2.87 billion barrels, up Estimates of New | Extensions, Reserves 
5 Hi Yr . o5§ and Fields and and as of End Increase 
154 million barrels over the 1998 Extensions of New Revisions *Produc- of Year Over 
total to Known Pools in Columns tion Dur- Column Previous 
F Fields Old Fields 1+2 ing Year 3-4 Year 
1 2 3 4 5 6 
® Ihe nation’s two leading petroleum Crude Oil 
. I ; 1946 2,413,628,000) 244,434,000 2,658,062,000] 1,726,348,000] 20,873,560,000 931,714,000 
es continue to set the pace in 1947 2,019, 140,000) 445,430,000) 2,464,570,000] 1,850,445,000] 21,487,685,000] 614,125,000 
, 7 . 1948 3,398,726,000 396,481,000) 3,795,207,000] 2,002,448,000] 23,280,444,000] 1,792,759,000 
ddiy new reserves | exas increase | 1949 2,297,428,000 890,417,000) 3,187,845,000] 1,818,800,000] 24,649,489,000] 1,369,045,000 
eS eae : ? 1950 1,997,769,000 564,916,000 2,562,685.000] 1,943,776,000] 25,268,398,000 618,909,000 
ts andt biota comer ok Se 4,024,698,000 389,256,000 4,413,954,000] 2,214,321,000] 27,468,031,000] 2,199,633,000 
C sate ‘ ? } sii ‘ 1952 2,252,860,000 496,428,000; 2,749,288,000] 2,256,765,000) 27,960,554,000 492,523,000 
rds 576 mi lic nN h irre Is to a new 1953 2,704,450,000 591,680,000 3,296,130,000] 2,311,856,000] 28,944,828,000 984,274,000 
1G pe ‘ a : ? : 1954 2,287,231,000 585,806,000 2,873,037,000] 2,257,119,000] 29,560,746,000 615,918,000 
of 18.3 billi yn bh rl els | ol 1iSI wna 1955 2,393,767,000) 476,957,000 2,870,724,000} 2,419,300,000) 30,012,170,000 451,424,000 
; ' o ‘ ; “ —? 1956 2,507,114,000) 467,222,000) 2,974,336,000] 2,551,857,000] 30,434,649,000 422,479,000 
id ve b - . aac t tota ] 1957 2,008 ,603,000, 416,197,000) 2,424,800,000] 2,559,044,000] 30,300,405,000 134,244,000 
aid even better, increasing its tot 1958 2, 293,513,000! 314,729,000, 2,608, 242,000] 2,372,730,000] 30,535,917,000] 235,512,000 
S , ] 770 1: : 1959 3,297,383,000 369,362,000) 3,666,745,000] 2,483,315,000] 31,719,347,000] 1,183,430,000 
early 778 million barrels to a record 
t ll “nee Natural Gas 
. eh of 6 billion barrels 1 ee + ga 
n 1946 3,163,219,000 
1947 192,237,000, 59,301,000 251,538,000 160,782,000} 3,253,975,000 90,756,000 
- © During the past five vears (1954- 1948 405,874,000) 64,683,000 470,557,000] 183,749,000] 3,540,783,000] 286,808,000 
la > I ¢ 5 1949 294,211,000 92,565,000 386,776,000 198,547,000} 3,729,012,000 188,229,000 
- | 959 | > ° . ; are 1950 707,879,000) 58,183,000 766,062,000 227,411,000] 4,267,663,000 538,651,000 
. 99), the four top liquid hydrocar 1951 648,497,000, 75,494,000, 723,991,000] 267,052,000] 4,724,602,000] 456,939,000 
ho ate Tex: <7 - ‘aly i 1952 475,170,000) 81,668,000 556,838,000 284,789,000] 4,996,651,000 272,049,000 
"i n states (Texas, Louisiana, Califor- [933 648.047,000| 95,922,000, 743.969.000] 302,698,000] 5,437,922,000] 441,271,000 
i< ‘ “ > Mmecreace 21 1954 20,830,000) 86,520,000 107,350,000 300,815,000] 5,244,457,000] —193,465,000 
nia, Oklahoma) have increased then 1955 447,160,000| 67,348,000, 514,508,000] 320,400,000] 5,438,565,000} 194,108,000 
‘ - . . 26 “ans 1956 715,764,000) 94,056,000 809,820,000 346,053,000] 5,902,332,000 463,767,000 
ote > °c e > ar- ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ 
e total proved reserves 1.36 billion bar- {935 8,884,000 128,508,000, 137,392,000] 352,364,000] 5,687,360,000] 214,972,000 
| “@ on 92 9F ome ‘ ™ os 1958 749,956,000 108,250,000) 858,206,000] 341,548,000] 6,204,018,000) 516,658,000 
0 rels—from 28.26 billion barrels to {955 593.905.000| 109,539,000, 703,444,000] 385.154.000] 6,522,308,000] 318,290,006 
) 30.62. billi arvels we . 
.62 billion barrels. However, their Total Liquid 
are » TIS : 2[reace Hydrocarbons 
\ share of the U.S. total has decreased, {iy 24.036,779,000 
r ¢ 9 cei ‘ — 1947 2,211,377,000) 504,731,000) 2,716,108,000] 2,011,227,000] 24,741 ,660,000 704,881,000 
from 81.2 percent to 80.3 percent. 1948. 3,804,600,000| 461,164,000, 4,265,764,000] 2,186,197,000] 26,821,227,000] 2,079,567,000 
e 1949 2,591,639,000| 982,982,000) 3,574,621,000] 2,017,347,000] 28,378,501,000] 1,557,274,000 
, 1950 2,705,648,000) 623,099,000) 3,328,747,000] 2,171,187,000) 29,536,061,000) 1,157,560,000 
a ® urine the same period foun 1951 4,673,195,000) 464,750,000) 5,137,945,000] 2,481,373,000) 32,192,633,000} 2,656,572,000 
: = E e | ’ 1952 2,728,030,000 578,096, 000. 3,306,126,000] 2,541,554,000] 32,957,205,000} 764,572,000 
) Rocky Mountain states Wvomine 1953 3,352,497,000 687,602,000 4,040,099,000] 2,614,554,000} 34,382,750,000] 1,425,545,000 
. : 5 2 So? 1954 2,308 ,061,000 672,326,000) 2,980,387,000] 2,557,934,000] 34,805, 203,000 422,453,000 
7 Utah. Montana. North Dakota) in- %@ 2,840,927,000| 544,305,000, 3,385,232,000] 2,739,700,000] 35,450,735,000] 645,532,000 
| ws delhi — se 2 ‘ ' 1956 3,222,878,000 561,278,000) 3,784,156,000] 2,897,910,000] 36,336,981,000] 886,246,000 
: creased | hein share of U.S. tot il re- 1957 2,017,487,000 544,705,000) 2,562,192,000] 2,911,408,000] 35,987,765,000 349,216,000 
® F alt = “ 1958 3,043,469,000) 422,979,000) 3,466,448,000] 2,714,278,000} 36,739,935,000 752,170,000 
: = . d , 370,189, a 7 \ 38, ,655, , 501,720,000 
serves from 5.4 percent to 6.8 percent. 1959 B98 SES, SOT 478,901,000, 4,370,189,000| 2,868,469 8,241,655,000] 1,501,72 
d Pheit total reserves were in reased *See note bottom of table 1 
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2 3 million barrel to 2.6 billion 


barrels 

These Statistics are based on the 
1958 annual liquid hydrocarbon and 
natural 
by the American Petrol 


gas reserve report prepared 


im Institute 


Crude reserves at new high. 01! 
the U.S 


al 1.2 billion barrels, to 


operators increased crude 


ol reserve to 
i new high of 31.7 billion barrels dur- 


This re preset nted the largest 


I 


Ing 1959 


net increase since 195] 


However. the ratio ol crude oil 
reserves to production was down 
slightly, from 12.9-1 on Dec. 31, 1958 


¢ 


o 12.8-1 on the same date last year 


A major 


increase in crude oil reserves during 


factor in the large net 
1959 was the 3 billion barrels of 
new reserves added through discov- 
eries, extensions and revisions. This 
was the largest total of new reserves 
added since the record year of 1951, 
when 4.4 billion barrels of new re- 
serves were added to the nation’s total 
Natural gas liquids. U.S. reserves 
of natural gas liquids totaled 6.5 bil- 
lion barrels at the end of last De- 
cember, up 318.3 million barrels over 
the total reported on the same date 
in 1958. 

New reserves proved up during 
959, including extensions and revi- 
million barrels, 


8.2 million bar- 


sions, totaled 703.4 
compared with the 85 
rels proved up during 1958. Discov- 
eries of new fields and pools during 
1959 added 109.5 million barrels to 
the nation’s reserves. This compares 
th 108.5 1958 


ind 128.5 million barrels in 1957. 


million barrels in 


The ratio of natural eas liquids re- 
serves to annual produc tion was 
16.9-1 last December 31. compared 


er ; - 
h 18.2-1 on the same date in 1958 


Louisiana sets record. ‘Jhe nation’s 


second largest reserve state continued 


to increase its s] ire of total | S liq- 


1 


: 
uid hydrocarbon reserves last vear. 


ith an increase ol 777.9 million bar- 
record total of 6 billion 
barrels, 15.7 percent of the U.S. total. 


In 1958. Louisiana accounted for 14.3 


rels to a 


percent, and in 1957, 13.5 percent. 


Texas, the nation’s largest reserve 
state, continues to account for a 


smaller share of the U.S 


drocarbon reserves. The 18.3 billion 


liquid hy- 


barrels reported last December 31 was 


17.8 percent of the nation’s total, 
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TABLE 3— Estimated Proved Reserves of Liquid Hydrocarbons in U.S., by States 
Sources: Crude Oil from API and Natural Gas Liquids from API and AGA. 


(THOUSANDS OF BARRELS) 


2Discovered 
in New 
Fields 
and New 
Pools in 


Added in 
1959 by 
Extensions 


Proved 


Reserves 'Production 











STATE or Dec. 31, and Old Fields During 
PROVINCI 1958 Revisions in 1959 1959 
1 2 3 4 
Crude Oil 
Alabama 38.586 1.27 5 609 
Arkansas 317.865 8.704 074 24 R99 
‘California 3,866,430 95,155 8.080 07.158 
Colorado 392,060 32 374 2 630 16, 4 
Illinois 607,589 60,856 2.539 76,577 
Indiana 71.469 12.679 278 1.475 
Kansas 922,434 96.918 7.089 118 G3xR 
Kentucky 126.357 30,965 7.252 28.250 
‘Louisiana 4,043,993 800,459 133,993 8 357 
Michigan 14,968 16,689 1,213 10,535 
Mississippi 378.688 13,644 $336 17,3 
Montana 337.799 1 464 , 300 0.367 
Nebraska 69,242 28 326 5.700 22 710 
New Mexico 894.121 299 100} 11,909 102.341 
New York 35,803 360 1.966 
North Dakota 314,079 80,598 5,100 7.868 
Ohio 70.809 9,320 5.992 
Oklahoma 1.898.128 | 14.018 16.049 93.446 
Pennsylvania 119.832 100 6.158 
‘Texas 14,322,216 1,346,675 1 TR4 139,00 
Utah 198,639 55.655 207 39,962 
West Virginia 52.104 1,320 2.165 
Wyoming 1,408,717 114,865 679 25,323 
5Miscellaneous 3.989 5.906 150 852 
rotal Crude Oil 30,535,917 §, 297 383 369,362 2,483,315 
‘Natural Gas 
Liquids 
Alabama 
Arkansas 34,150 iS 02 83 
‘California 302.319 51.572 535 +108 
Colorado 21.268 7,273 78 705 
Illinois 10.950 111 1,250 1.557 
Indiana 119 23 l 19 
Kansas 199,552 3.210 623 6,473 
Kentucky 37.472 13,612 1,492 ONt 
‘Louisiana 1.195.955 203,094 2 20 15 
Michigan 1,502 189 r f 
Mississippi 55.182 ( ONE 72 67 
Montana 7.497 6,6 65 
Nebraska 5.699 516 8 
New Mexico 417,238 6,004 8.886 9 O88 
North Dakota 31,239 68,108 119 
Ohio 1,618 t 
Oklahoma 357,507 $481 100 28 ) 
Pennsylvania 3.685 10 0 68 
‘Texas 3,391,967 84,496 57 225 ) 
Utah 14,899 7,948 171 
West Virginia 63.286 28,185 2,17 106 
Wyoming 50.876 27,215 O07 $,919 
‘Miscellaneous 38 17 
Total Nat. Gas Lq..| 6,204,018 593,905 109.539 8 { 
Total Liquid 
Hydrocarbons 
\labama 38,586 1,27 5,609 
Arkansas 352,015 18,942 | 1,376 7 40 
California 4.168.749 46,727 8.615 6,266 
Colorado 413,328 647 » 708 19.817 
Illinois 618.539 60,967 789 78 { 
Indiana 71.588 > 702 279 1,49 
Kansas 1,121,986 100,128 17,712 25,4 
Kentucky 163,829 14.577 8,744 51,536 
Louisiana 5,239,948 0 Bh 66,194 11.809 
Michigan 16.470 16,878 169 
Mississippi 133.870 58 15,057 0,004 
Montana 345,296 9, 2¢ 3,300 
Nebraska 74.941 I8 842 700 23 49 
New Mexico 1,311,359 S } 20,795 1.429 
New York 35.803 60 : 966 
North Dakota 345,318 tS, 706 », 100 9,287 
Ohio 72,427 9,006 » IIS 
Oklahoma 2,255,635 78,499 9,949 y 765 
Pennsylvania 123,517 60 _ 20 6,226 
Texas 17,714,183 1,53 i 87.009 ) 
Utah 213.538 60 4 10) } 
West Virginia 115,390 ( 6,865 AY 27 
Wyoming 1,459,593 142,080 +,786 ) 42 
Miscellaneous 4,027 5, SS9 0) 855 
rotal U.S. 36,739,935 §91,28S 178,90 > S68 469 
1 ( é ler é ( () 
I ed 1 ver ! 
* Include ) rve 5A \ I I _M \ 
. VV ng 6 ( } te g line PG | led 
Florida, M Crud  Alal rat 
Penne g \\ ide; Florida, M le 


compared with 48.3 percent in 1958 — last vean 


and 49.5 percent in 1957. 


Proved | 


Reserves Changes in 


Dec. 31, Reserves 
1959 During 
Columns 1959 
i+2+3 Column 5 
Less Less 


Column 4 Column 1 
Hs 6 


34,248 ( ) $338 
312,911 1,954 
3,762,507 103,923 
380,952 11,108 
594,407 13,182 
73.951 2 482 
917,503 ( 1,931 
136,324 9,967 
4,660,088 616,095 
55,335 10,367 
389,337 10,649 
390,268 ) 28,531 
80,558 11,316 
,025,789 131,668 
34,197 ( ) 1,606 
381,909 67,830 
74,137 3,35 
1,864,749 x 
113,574 
14,859,674 
194,539 
51,259 
1,402,938 
9,193 





31,719,347. | 1,1 


2,017 (—) 2,133 
5,318 22,999 
4,914 3,64¢ 
),754 ) 19¢ 


196,912 ) 2,640 
49,290 11,818 
161,84 


40,944 (—) 14,238 


97,928 66,689 
314 

367,569 10,062 
3,677 (—) 8 
3,430,375 38,408 
32,376 17,477 
34,166 ) 29,120 


73,279 22,40 





with California topping the 
list, reporting a drop of 80.9 million 


Of the 23 U.S. producing areas, 12 barrels. Only eight states reported de- 


reported decreases in total reserves creases in 1958. 
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U.S. gas reserves increase 
3.3 percent 


SUBSTANTIAL INCREASES in U.S 


iral gas rese} during 1959 


Ves 
’ ] 
brought total reserves to another all- 


me high. New 
) 


ol the yeal totaled 262 b trillion ( ubie 


the end 


reserves al 


feet and represented an increase of 


cubi feet over reserves 


1958. 


.5 trillion 


existing at the end of This com- 


pares with the 1958 eain of 7.6 tril- 


cubic feet and 8.8 trillion cubi 


ion 
feet in 1957 
during the year. 


feet. 


Production 


) 


amounting to 12.4 trillion cub 


showed a remarkable jump of 960 


billion cubic feet over the previous 


vear’s figure 


[his contrasts sharply 
with the drop, in 1958, of 17.3 bil- 


lion cubic feet as compared with 


Q5 


New pools and fields found during 


1959 accounted for 5.8 trillion cubic 


tially under 1957 when 9 trillion cubic 


feet were proved. 
During the vear, 14.9 trillion cubic 
feet were accounted for in field exten- 


sions and revisions of earlier estimates 


This represented an increase of 1.5 


trillion cubic feet over the like 1958 


period. 


The 1959 figures indicate that, fon 


TABLE 1—Summary of Changes in 1959 in 
Proved U.S, Reserves of Natural Gas 


(Source: American Gas Association) 
Millions of cubic feet—14.65 psia, at 60° F 


Total proved reserves December 31, 1958 254,142,037 


Extensions and revisions of previot 
during 1959 


is estimate 
14,933,109 


New reserve discovered in 1959 5,800,749 
Net changes in underground storage 
during 1959 


161,326 


Total proved reserves added and net changes in 

underground storage during 1959 20,895,184 
Total proved reserves, December 31, 1958 

and additions during 1959 275,037,221 
Deduct product on during 1959 12,440,628 


the past three years, additions to 
the U.S., from new fields, 
and held 
fairly constant. Total reserves from 
amounted to 20.7 
trillion cubic feet in 1959, 19 trillion 
In 1958 and 20.1 trillion in 1957. 


re- 
serves in 


extensions revisions. have 


these categories 


Sull holding first place in_ total 


reserves, Texas and Louisiana to- 
in 1959 showed a 10.2 trillion 
1958. o1 


one-half of the 20.7 trillion cubic feet 


gether 
cubic feet gain over nearly, 
reserves 

New field 
sions and revisions in these two states 
18.7 feet, 


amounting to the 


vain in for the nation as a 


whole. discoveries, exten- 
trillion cubic 
90.5 


total additions for the nation. During 


totaled 


percent of 


1958, Texas and Louisiana new addi- 


tions amounted to 84 percent of the 


nation’s total of new gas found. 


Total net gas production during 


1959, for Texas and Louisiana, to- 
taled 8.6 trillion cubic feet, or about 


69.5 percent of the output of the 


entire nation. 

During 1959, total reserves of six 
states dropped below their 1958 lev- 
els. A of states, in 


similar number 















































. ~ . tal neoved reserves of nat l gas - ° 
feet, slightly more than the 1958 fig- Tal Proved reserves of natural ga 292,506.50; 1998 reflected a drop in reserves as 
ure of 5.6 trillion, but still substan- compared to 1957 figures. —-The End 

TABLE 2——Estimated Proved Recoverable Reserves of Natural Gas in U.S., by States 
Source: American Gas Association 
(Millions of Cubic Feet—14.65 psia, at 60° F.) 
IRESERVES AS OF DECEMBER 31, 1959 
CHANGES IN RESERVES DURING 1959 Total 
anaiin —| (Columns 
' Discoveries iNet 7+8+9+10 
| of New Change | Also 
IReserves | Fields and in | Columns } | 
As of 1Extensions | New Pools Under- | 1+2+3-+4 | | 7Under- 
December and in Old ground 3Net Less 4Non- } | ground 
31, 1958 Revisions Fields Storage Production | Column 5) | Associated 5Associated | °Dissolved Storage 
STATI 1 2) | 3) 4 | 5 (6) 7 8 9 | ao 
Arkansas 1,388,337 38,634 | 60,981 (—) 41] 65,094 1,422,817 288,939 199,822 | 4,831 
8California 8,966,522 39,321 | 56,230 2,787 465,839 8,593,447 2,011,601 4,335,078 91,018 
Colorado 2,349,240 236,396 | 26,266 164 | 115,907 2,496,159 96,175 560,361 | 164 
Illinois 170,528 11,655 279 11,112 18,464 175,110 0 118,881 | 45,140 
Indiana 30,569 4,682 186 3,444 | 3,793 35,088 1,350 22,185 | 10.253 
Kansas 20,233,847 279,359 | 97,365 | 9,895 639,063 19,981,403 407,100 356,064 | 62,702 
Kentucky 1,215,329 4,467 | 12,810 3,709 68,000 1,159,381 0 75,866 24,19: 
SLouisiana 55,111,862 6,100,270 1,509,830 0 2 868,042 59,853,920 8,248,993 3,469,716 | 0 
Michigan 489,113 17,877 5,400 13,442 19,429 515,403 55,159 58,730 285,259 
Mississippi 2.598.377 ) 16,750 68,031 1,571 164,705 2,486,524 372,200 303,380 5,538 
Montana 682,013 3,155 14,358 3,691 | 31,416 665,491 38,863 90,721 41,057 
Nebraska 143,321 2,623 238 132,719 12,609 20,861 0 
New Mexico 21,180,020 | ( 2,758,846 196,341 17,912,798 3,524,188 1,618,367 47,741 
New York 96,439 8,925 | 1,575 106,519 48,801 0 | 158 57,560 
North Dakota 1,124,470 97,481 | 0 | 0 | 1,206,542 9,997 340,498 856,047 0 
Ohio 818,052 60,859 11,170 | 16,714 36,311 748,766 325,000 87,000 336,766 
Oklahoma 15,.206.769 1,878,770 510,753 11,096 956,096 16,651,292 | 11,097,644 | 3,456,676 105,617 
Pennsylvania 870.014 217,298 35,180 48,342 | 118,862 1,051,972 | 622,676 25,040 404,256 
*Texas 115,045,743 8,228,792 2,887,699 | 5,004 5,691,455 | 120,475,783 | 78,166,487 15,332,872 44,264 
Utah 1,058,051 176,088 74,372 | 0 | 44,261 1,264,250 799, 877 438,733 0 
Virginia 38,421 2,125 375 0 | 2,289 38,632 | 38,632 0 0 
West Virginia | 557,633 174,386 33,000 14,532 | 186,000 1,593,551 1,270,624 64,633 258,294 
‘yoming Y 3,649,818 254,558 145,434 (—) 102 202,644 3,847,064 | 3,156,424 514,326 20,424 
*Miscellaneous 108,549 7,946 52,876 20,026 7,435 181,962 109,170 | 16,673 56,119 
Total 254,142,037 14,933,109 5,800,749 161,326 12,440,628 | 262,596,593 | 184,170,487 44,502,720 | 32,022,190 1,901,196 
gas | due to natural gas liquids recovery The net difference between gas stored in and gas withdrawn from underground storage reservoirs 
djustments and native gas transferred from other reserve categories 3 Net production equals gross withdrawals less gas injected into producing 
Changes in underground storage and gas loss due to natural gas liquids recovery are excluded. Fourth quarter production estimated in some instances 
ted ga free gas not in contact with crude oil in the reservoir; and free gas in contact with oil where the production of such gas is not significantly affected 
luction ¢ ide oil 5 Associated gas is free gas in contact with crude oil in the reservoir where the production of such gas is significantly affected by 
n of crude oil 6 Dissolved gas is gas in solution with crude oil in the reservoirs ’ Gas held in underground reservoirs (including native and net 
t ge purposes 8 Includes off-shore reserve + Includes Alabama, Alaska, Arizona, Florida, lowa, Maryland, and Missouri 
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Mexico is expanding 
its oil industry 


By L. J. Loga 
Asso Editor. Wor () 
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j on Oo QO! ( Q)] \s Mexice 
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rit middl Class ( number. 
ind higher standaras Ol vin spread 


roughout the nation. The country 
is in the midst of an industrial revo- 
ution. which brines with it an eco- 
nomic and social revolution, all for 
the advancement and betterment ol 


the nation 


Writers on Tour. This writer during 
the first half of March 1960 had the 
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| | ) 
DrIVIICL se ana MeASUT Ol Lhorou hly 
seeing Mexico's petroleum industry 
and learning about its operations 


from many officials, managers, eng- 
ccd 


neers, geologists, and others connected 


wit! Petroleos \Viexicanos. the gov 


ernment COMPANY hat Carries Out 
Ol ind gas developmen Nearly a 
dozen represe itives of ibo he 


, , 
dustry publications cle S VISI 
] ] ) ] 
Wilictl WaisS sponsored hy Pe rOoLCOS 
Mexicanos. Antonio Vargas MacDor 
—* . ; ' ; 
Li¢ Pemex c Ordaia r ol pub eS 3 
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rants l ei Cie C¢ Strud O! l 
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\Lexico th icct alt Oo 
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| } renera ’ , e) Phev ; 
roducte hire I classes ot proc 
. 1] 
Ss: ammonia, carbon DLACK, iri 
7 , ny) | *1 
irtificial fibres. By May. 48 new drill- 
1] orit #1 
In rig’s Wil O 1nto operauion 11) 
. “ae +4 , , , 
Mexico Wiciudaln it alreaay on I 
‘ ’ , 
way. Pemex heretofore has been op- 
erating 96 drilling rigs. Programmed 


' 1] 
exploratory wells and 


or 1960 are 117 
906 development wells. 
A large 


between Ciudad Pemex in the Isthmus 


‘1 
| 


as pip line is be ing built 
and Mexico City. with two contractors 
at work on it. A gas line from Rey- 
nosa to Monterrey is being extended 
to Torreon, and the extension is due 


to be completed in April. 


Five new petroleum equipment 
companies are now operating in Mex- 
ico, having been formed by U. S. in- 
terests as Mexican corporations. These 
include affiliates of Cameron Iron 
Works. Wyatt Metal & Boiler Works. 
Hughes Tool Company 

Plants making synthetic fibres, am- 
monium nitrate, etc. will be indepen- 
dent companies, privately controlled 
Pemex will supply them with raw 


= ! 
materials 


Petroleos Mexicanos has for 1960) 
a budget of 8 billion pesos $640 muil- 
lion Phat is almost as much as the 
budget of 10 billion pesos ($800 mil- 
lion scheduled by Mexico’s federa 
vovernment 

Phi refineries now operated in 
Mexico ire all mod rn and efficient 
Phe, V¢ a combn d 1 ide capac 1t\ 
80.000 barrels per day, an 


are constantly being expanded. They 


. . ; : P 
Will have ZU percen more Capacity 
than needed by next ine. ‘To us 
ha eN 1 capac \ SOIT foreig! 
I 
, 
Crue I iv be 2) I I Drocesse 
I 
iTl¢ CX ( 
he fields of Mexico are producin 
I 
“ - 
ru Ol and na ra iS 11qQUI1GS, lN- 
cludu Dety n 15.001 ind I20.000 ot 
¢ hbcnd ] : e- 1G] 
e La Lhe POC lu ¢ ion fulfills 
} { 
Mex Col SLI ( } i( ror pere 
I 
I 1c nciue S xports of heavy 
I 
Cl des Tit CS1¢ ( 
In Mexico the ri or petre 
I 
te? ’ nad 
it l ci ¢ ( ( S. di In \ 
, 
oun i 1iS 1m S lal iStl lly 
, i °.8 
Det wie ( initially with- 
out any material k1 vn demand. but 
iul ) « ( mm was 1¢ L\ ahsorber 
, ’ ’ my 
DV n ViV Createa Gemandad Phe die- 
' , 
mn ISOLII id Custillate luels 
has peel et is y percent pel 


Synthetu 
it Tampico, and 
demand for it is expected to be strong 
Mexico's populatu 1h 1S) Ini reasing 9 
percent per vear, and standards ol 
livine are rising 

[o keep abreast of thi sharply in- 
creasing demand for petroleum prod- 
ucts and petrochemicals, Petroleos 
Mexicanos must constantly plan am- 
bitiously and keep vigorous ¢ xpansion 
of all facilities under way. It is actively 

o 


searching for new oil and gas fields, 
keeping numerous veophysical and 
geological parties at work, and drilling 
as many wildcats as available funds 
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More oil and gas pipe lines 


> 


pe rmit. 


and products lines are being built. 


Every refinery and natural gasoline 


plant has space set aside for expan- 
sion 

While Pemex requires vast funds 
for operations and expansion, it also 
has large income from the products 
supplies the country. The produc- 
tion amounts to about 300,000 bar- 
rels per day, and potential production 
of 320,000 barrels daily is available. 
Phe company’s income may be enough 
to finance required expansion. If nec- 


essarv. Pemex can and will finance 


essential projects by obtaining loans 


from banks and othet 


[ nited states o1 


Like private oil companies, 


sources in the 


_ ; 
other countries 


Pemex 


nerates capital from its own opera- 


: } ] ] Kl. { hich 
IS and Nas ValuaDle assets ON WHICH 


in readily borrow money 


Pemex formerly paid the Mexican 
But in lieu 


vernment various taxes. 
i} 


: ] 
Cll) 1 now blanket LAN 


pays one < 
2 percent of its gross income. In- 
) ‘ ] { 

Pem« XK alSO pert rms many 
netions usually carried out by TOV- 
nts In 1( no ne hi ding ot 

] | } +] 

roads l can a Sec D\ 1i¢ 


| bac l ( } I Its b ad 
, , 
Pemex ist vear in ised its 
s of vas ( diesel ¢ ind other 
' ' , 
cts. They had been so low as to 
] ) 
In losses f¢ Pemex 1) Spite 
SCS howe N pric S Ie S 
) pe 
Poza Rica he motorist pavs 
I 
centavos ( 1\ alent to 
fy Tt | -. 7 } t tot 
or S pt Oy) Ota 
no ta Hew Inve ed 
) 
ite Mar 1960, Pemex was 
. . r ~ v1? rey ; 
ISSU¢ ts second annua epol 
ni d this public accountin: 
(*] ms } \¢ i! 
| ) . , 
S Au Pemex negotiated 
} r ] +] 
Vi l l ) CONTA With Ii¢ 
} ° 1 ] 
t al etatrons Dp veel ne 
any and the union are favorabl 
\i v1 . ] sly . . { 
CX1ICO las proved Oli reserves Ol 
' , ae , 
yn barrels, including crude 
CuStlilate lt has vas reserves 
Ln 
l Tit Valu © HD1i10n 
production of 300.000 barrels 
] + 
S per day comes trom about 
, ee . 
wells, of which 1,500 are flow- 
nd 700 artificially lfted. About 


“ is wells are on produc tion. being 
in Northeast Mexico and the Isthmus 
uring the past five years 325 strict 
Cats were drilled in Mexico. They 
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(left) associate editor of 
is shown here with Antonio 


Logan 


L. Jj. 
Worvp OIL, 
Vargas MacDonald, coordinator of pub- 
lic relations for Petroleos Mexicanos, as 


visiting U.S. journalists arrived on a 
Pemex plane at Mexico City. 


resulted in discovery of 67 new oil 
] { ] 


and gas fields. In Mexico 45 explora- 
tion parties operated in 1958, includ- 


ine 22 subsurface geology crews, 18 


seIsmi Crews ind 9 oravity mete! 


Crews 





More about Mexico next month 


In the May issue, Woritp Or will 
present additional, detailed information 
on Mexico’s petroleum industry. A map 
will show oil and gas fields, pipe lines, 
bsorption plants, refineries. Information 
will be given on the drilling program 
for 1%¢ drilling rigs emploved, produc- 

wells, oil and gas production, pipe 
line construction, et 





Following the tour of Mexico’s pe- 
troleum installa- 
a U. &. 


petroleum industry publications were 


steel industry 


and 
tions. the representatives 
asked by Julian Carlos y Jiménez, re- 
porte! for Excelsior, Mexico City daily 
newspaper, who made the whole trip, 
for an exclusive joint statement ex- 
pressing their impressions of Mexico's 
petroleum industry. Such a statement 


| 


was prepared and unanimously ap- 


proved as accurately reflecting the 


opinions of the U. S. men who made 
the trip. Following is a copy of that 
statement, as issued for publication 
in Excelsior. 

“Mexico’s petroleum industry, un- 
Petroleos 


Mexicanos, is obviously taking a very 


der the management of 





important part in making Mexico 
a progressive, well advanced country, 
with an unusually promising future. 

“After seeing many of Mexico’s oil 
and gas industry installations and 
some of its steel and pipe making 
plants, it is evident that Mexico is 
succeedingly remarkably well in tak- 
ing advantage of its natural resources 
and in building up its industrial 
strength. 

“Mexico is fortunate in having rich 
petroleum resources. And it is effec- 
tively putting those resources to the 
use of its people. 

“Petroleum industry operations in 
Mexico are well planned and well 
managed. Oil and gas field installa- 
tions, refineries, pipe lines, and other 
properties are similar to those in the 
United States and equally well engi- 
neered and maintained. 


In all 


canos has 


Mexi- 


well educated, 


districts, Petroleos 
numerous 
well trained engineers, geologists, and 
other personnel who assure efficient 
handling of operations. Many of these 
men are young, and they represent a 


creat asset. In so far as more engi- 


neers, ceologists. geophysic ists, and 


other necessary technically trained 


young men are brought into Mexico’s 
petroleum industry, progressive and 
efficient operations will be promoted 

“The petroleum industry in Mexico 
also is fortunate in having very able 
leaders and managers,” the statement 
continued. 
ther 
ment of 


“They are planning fur- 


broad 


expansion and advance- 
oil and gas development. 
They recognize that Mexico’s demand 
for oil and gas is increasing sharply, 
and are vigorously working toward 
always fulfilling that demand. 

“The visitor notices that in“ every 
district, space has been prov idéd for 
additional new refinery units, gasoline 
plant units, housing for workers and 
managers, and other facilities. 

nh yn all sides there 1S evident e ota 
growing, expanding, progressive pe- 
troleum industry. And similar prog- 
at the 


pipe mills, and related industries that 


ress is evident steel plants, 
provide essential supplies and mate- 
rials for Mexico’s petroleum industry. 

“It does not require a prophet but 
only an awake visitor,” concluded the 
statement, “to foresee for Mexico an 
increasingly strong petroleum indus- 
try, supplying more and more oil and 
cas for a nation that will continue to 


erow and advance vigorously.” 


TO BE CONTINUED 
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New type 






rotary rig drive 


proves successful 


Rig motors transmit power 
to drawworks by torque shafts 


with universal joints 


By S. Lechler, Engince: 

Mobil Oil Company A.G. of Germany 
\ NEW TYPE GERMAN rotary drilling This rig offers several new design 

rig is presently being operated suc- and layout features. They are: 

cessfully after several months of field @ All engines are equipped with 


testing disengaging torque converters. 


FIGURE 2—A top view of the entire rig is shown while drilling. 


FIGURE 1—Over-all view of a new type German rig. 


® Mud pumps are equipped with 
swing-gears to protect the prime 
mover from pump shocks. 

© Torque converters are equipped 
with temperature and overspeed gov- 
ernors. 

@ Jaw clutches are used instead of 


chain drives. 


The drawworks is rated at 900 
horsepower with the power being 
supplied by two 600-horsepower 
water-cooled supercharged diesels. 
The rotary is powered by a separate 
250-horsepower air cooled super- 
charged diesel while the stand-by 
pump is equipped with an 800-horse- 
power motor. The total horsepower 
available on the rig is more than 
2,300-continuous horsepower. Depth 
limitation for this rig is 15,000 feet 
with 42-inch drill pipe and 20,000 
feet with 32-inch drill pipe. 

The engines are all equipped with 
disengaging converters with the ex- 
ception of the rotary drive. To serve 
the drawworks, a four-speed-reduc- 


tion-gear box with a reverse gear is 
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directly connected to the torque con- 
verter in one housing. The gear selec- 
tion in this unit is by means of over- 
running jaw clutches. The two main 
rig motors transmit power to the 
drawworks by torque shafts with uni- 
versal joints and are compounded by 
a reduction gear inside the draw- 
works to drive either the hoisting 


drum, or by means of a separate 


¢ mud pump. Either 


drive, the 1 
power package may be switched so 
that either the pump or drawworks 


may be independently operated. 


Torque unit used as a brake. The 
torque converter disengagement is 
achieved hydraulically, eliminating 
iny friction clutch. Since the torque 
converter is used as the braking ele- 
ment, no special hydromatic brake 1s 
necessary. While using this type of 
braking device, maintenance cost is 
rapidly reduced. During the field 
testing operations, no wear was ob- 
served for a period of one year on 
either the brake rim nor the bands 
f the drawworks. To supplement 
this type of braking, the mechanical 
brake is used in order to hold the 
load fast. 

lhe over-all weight of the draw- 
works, hydromatic brake, prime mov- 
ers, torque converters, gear box and 
compound-skid, is approximately 85,- 
100 pounds. The hoisting capacity is 
63,000 pounds at a speed of 6.5 feet 
pel second. 

[he torque converters are pro- 
tected by temperature and overspeed 
governors. When a predetermined 
temperature, or when the output of 
the torque converte! exceeds a pre- 
determined figure, the engine is 
automatically placed in an idling con- 
dition. By doing this. optium effi- 


ciency 1s maintained. 


Separate rotary drive. A separate 


rota drive. pow red by a 250-horse- 
pow engine, guarantees more flexi- 
bility for drilling operations. A torque 
converter with variable pitch blades 
and a two-speed reduction gear is 
used to provide the adaptability to 
meet all possible drilling conditions. 
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FIGURE 3—These curves show the respective line pull and efficiency of the draw- 


works. 
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FIGURE 4—An independent electrically driven cathead is used rather than the 


conventional drawworks-cathead installation. 
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FIGURE 5—Here is shown a schematic 
tive unit capacities. 


The prime mover is skid mounted and 


t tl ‘tary table by 


is connected oO ( re 


universal joints 


Safety is of prime interest while 
operating the cathead. A smal! 
6 steps, 


electric hoist, torque rated in 


is placed on the working platform 
close to the driller’s control and is 
used for all catheading operations 
This enables the driller to watch the 
cathead man directly without having 
to direct his attention away from the 


area of operation. 


Mud pump’s power is unique. All 
mud pumps are equipped with swing 
gears to protect the prime mover 
from pump shocks, to regulate the in- 
put torque and to reduce the output 
speed of the torque converter. When 
a predetermined torque of the en- 
eines are reached, the engines are 
automatically placed in the _ idling 
speed position. By using this driving 
method, clutches are no longer nec- 
essary in pump drives. The torque 
converter and torque shafts are used 
for the power transmission. 

The driller’s controls are grouped 
on a console panel at one corner of 
the derrick floor. Air type remote 
controls are employed with unitized 


air line connections which are easily 
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FIGURE 6—General view and close-up of quick coupling for air supply to drillers 
console. 


connected (See Figure 6 

The over-all design of the rig 
places all the heavy components at 
ground level, with the exception of 
the drawworks and its prime movers. 
These are located at truck-height fo 
the ease of transportation. Flexible 


hoses have been used wherever pos- 
sible for rig-piping to provide a fast 
coupling and uncoupling as well as 
ease of traveling. To satisfy road- 
width requirements, all major equip- 
ment except the derrick is mounted 


—The End 


on skids. 
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FIGURE 1—Vertical vessel. 


operation obtained by 
control and weir. 


Three-phase operation obtained 
through use of level controls only. 


THREE-PHASE 


SEPARATORS 


By Wilbur F. Broussard, Enginece: 
Maloney Crawford Tank and Manufacturing Co.., 


Charles K. Gravis, Enginee: 


Maloney Crawford Tank and Manufacturing Co., Tulsa 


WATER IS THE MOST prevalent impurity produced with 
oil and gas, and must be removed before the product can 


be sold. In some cases, as much condensate or oil can be 


saved by use of a three-phase separator as can be gained 
by installation of more elaborate equipment. 

Basic principles of oil and gas separation have been 
covered in Part 1 of the Production Practices Manual 
Wortp On. January 1960). The following discussion 

oncern the separation of free water and oil. 
APRIL 
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FIGURE 2—Vertical vessel. Three-phase 
interfacial 


Houston 


FIGURE 3—Vertical vessel. Three-phase op- 
eration obtained by use of weir to control 
main liquid level. Interfacial level in main 
section is controlled by a water weir. 


level 


Free water can be separated from 
liquid hydrocarbons by retention time 
and absence of turbulence, without 


the aid of heat. Also, by definition, 


free water is not emulsified with an- 


other substance. 


DESIGN 


Ihe three basic types of separators 


vertical, horizontal, spherical) may 
be used for three-phase separation 
Regardless of shape, all three-phase 


vessels must meet the following requirements. 


1. Liquid must be separated from gas in a primary sep- 
arating section. 


2. Gas velocity must be lowered to allow liquids to 
drop out. 


3. Gas must be scrubbed through an efficient mist ex- 
tractor. 
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FIGURE 4—Horizontal vessel. Operates in same 
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manner as unit described in Figure 3. 
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FIGURE 5—Horizontal vessel. Operates in 


4. Water and oil must be diverted to a turbulence-free 
section of the vessel. 


5. Liquids must be retained in the vessel long enough 


to allow separation 


6. The must be maintained. 


water-oil interface 


7. Water and oil must be removed from the vessel at 


the. respec tive outle ts 


Control methods. Several control methods are appli- 
cable to three-phase separators. The shape and diametet 
f the vessel will, to a certain degree, determine the type 
control that can be used. Figures 1-7 show the more gen- 
erally used methods of three-phasing the basic vessel 

Figure | shows a vertical separator three-phased by use 
of level controls only. The water level control must be of 
the interfacial type A displacement type interfacial con- 
troller can sense and maintain the interface between the 
water and oil by controlling the water outlet valve 


Although the 


for horizontal and spherical vessels, it is more easily ap- 


method shown in Figure 1 can be used 
plied to the vertical separator because of the greater 
thi kness ol the oil and wate! columns in the vessel, This 
permits greater separation of the level control floats and 
allows the easier-to-operate vertical float installation to 
be used 

The advantage of this method is simplicity. No inter- 
The relative retention 


nal baffling or weirs are necessary. 
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same manner as unit described in Figure 








Oil Out 





9 


float 
length by simply resetting the interface controller. The 


volumes can be varied easily within the interface 
full liquid volume of the vessel can be utilized as reten- 
tion volume. This type vessel contains no natural traps 
which accumulate sand and mud; consequently, the vessel 


can be easily cleaned through the bottom drain. 


The chief disadvantage of this method is that if the 
water level control or valve should fail, the total volume 
of oil and water in the vessel will discharge into the water 
outlet system. 

Interfacial control is “touchy” and a prudent and knowl- 
edgeable operator is required to make it most effective. 
It becomes a little more difficult to handle if the top oil 
level in the vessel is allowed to vary, and because the oil 
a slight 


level is controlled by a level controller, there 1s 


variance in upper level. 


This method has been used effectively and to advan- 


tage 1n many instances. 
Figure 2 shows a second method for three-phasing 


the vertical separator. Figures 5 and 6 show the same 
method as applied to horizontal and spherical vessels 
With this method, the upper oil level is maintained by 
a welr. 

Interfacial control is used to maintain the oil-water in- 
terface as described previously. However, in this case total 
liquid level in the vessel is maintained by a weir and will 
not vary appreciably. Since the upper level is held con- 
stant, the interfacial control is somewhat easier to operate. 
Interfacial design must be considered carefully, since this 
1960 


WORLD OIL APRIL 











the 


Col 
IN¢ 
ten 


t 
Al 


le 


1 
I 











method can possibly waste a °ood 
deal of the vessel liquid volume for 
etention volume (Compare Figures 1 
ind ‘a 

[he main disadvantage of this 
ethod is that internal baffling 1s 


Inlet 


quired. This makes cleaning the 


1 


vessel of sediments more difficult. As 


the first case relative retention 
olumes can be varied by use of the 
teriace controller. 

Fieures 3, 4 and 7 show a third 
iethod of three-phasing as applied 
to vertical, horizontal and_ spherical 
separators. This method utilizes a well 
to control the top level. Interfacial 
evel in the main body of the sepa- 


rator is set by a water weu 


The water weir may be made ad- 
justable from inside or outside. Inside 
adjustment would require a_ shut- 
down of operation to reset well 
height. Outside adjustment requires 
some type of packing gland in the 
vessel shell and an internal mechani- 
cal linkage to vary weir height. Level 
controls are used in the separate oil 
and water sections to control only the 


levels in those sections. inlet 
Che advantage of this system is that 

if level controls or valves fail, only 

liquid and gas from the affected sec- 

tion will be dumped from the vessel 

The main level in the vessel propel! 

will be unaffected and proper three- 

phase operation can continue. Easy- 

to-use top level control is used in each Oil Out 


sec tion. 


Disadvantages include: 


1. More internal baffling is_re- 


quired 


2. In all except the sphere, the 
vessels are difficult to keep clean of 
sediment 


3. Some retention volume is wasted when compared to 
the other two methods. 


4. Control of relative retention volumes is more time- 
consuming in the case of the inside adjustable weir, o1 
more expensive in the case of the outside adjustable sys- 
tem 


SIZING 


Sizing a three-phase separator for water removal 1s a 
relatively simple problem, since retention time is the onl) 
consideration, Retention time is the length of time liquids 
are allowed to remain in separator. This time is _re- 


| - - . . 
lated to volume of the vessel, the amount of liquid to be 


handled, and the relative specific gravities of the wate 
ind o1 

[t is important to note that the effective retention vol- 
ume in a vessel is that portion in which the oil and water 
remain in contact with one another. Once either sub- 


tor 
Stal 


ce is separated from the other, although it may re- 
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FIGURE 6—Spherical vessel. Operates in same manner as unit described in Figure 2. 
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FIGURE 7—Spherical vessel. Operates in same manner as unit described in Figure 3. 


main in the vessel in a separate compartment, the volume 
thus occupied cannot be considered as a part of the reten- 
tion volume as far as oil-water separation is concerned 
Actually, two retention times may be considered: 


1. The period of time oil remains in the vessel to allow 


adequate separation of water. 


2. The period of time water remains in the vessel to 
allow separation of oil. 

The usual approach in design is to allow equal vol- 
umes for oil and water in the vessel. For simplicity, the 
rating charts included in this article were constructed on 
this basis. In reality, it is good policy to use a vessel de- 
sign that will allow a variation in the respective volumes 
devoted to oil and water retention. An interfacial con- 
troller or a variable water weir may be used for this pur- 
pose. 


It is obvious that a given vessel can be divided into any 


129 





















































2,000 





_—— ee ae 


1,000 
900 
800 
700 


Or Water Capacity (BPD) 





600 


Oil 


































= 











= = 








+ 








| 


— 
oe 
a ee 
— EE 
| 





| 


SS ee eee 
[a 





| 
mF 
.' T 
— 4 
po 
‘=e aa on —+——— 
= te 5 
| fevers 
| | | = 
at 2 ea 
| a 
cl 


+ 





es 
} 














a 
nape 
concn 


| 
i 


- ae eS oe 


—f 






























Retention 
FIGURE 8—Capacity chart for 10-foot shell length single | 


'4 total volume for water 


NINA ( Lr ile] ( Tics H We ( 
' ' 
c ( ete ( S1Z ( tne separato \ 
| 
, 1 "3 
ove | | s volume to br andled. In almost a 
] 
( ) oO! ( to increase vess len ? 
il I i CALC] |] and he i¢ ( I S 
y - a } - 
( i S Cc! wed tor the samme V« 
no pre re 
| I é ; ( Ow 1} nd water <¢ yacities is 
nection diameter and retention time for si 
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ructin ese ( the volume available in the vess 
: , , . 
eads Ss neglected uithough in large diameter cvliin- 

: 1 1 . ] ] 
lrical vessels (in excess of 36-42 inches) this head volum 
1_] ] ] 7 4 ] 
would have a considerable effect on capacity. These same 
I 


} 


] } { ] 
urves also can be used for tree water knockouts 


Horizontal vessels. Figure 8 is a capacity chart for 10- 
foot shell leneth single barrel horizontal s¢ parators for vari- 
ous inside diameters. This chart was constructed assum- 


ine that one-half of the vessel volume would be used for 
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dq “He aay +] sacs a 
me would be divided equally between the oil and wate 


1OnS Als Wa SS ned I 1 i Od Sslllal 

i Snown in F io ire vould ye used y THhaAIMNtam 

is ; { ae ] +] { ll wwy4 r ] } ] ] . 
ind in rracial levels the Tull LU-foot shel eneth Wouk 
be used tor retention volume 


it a ce ntrol method similar to that shown in Figure 


d Is used, it can be assumed that approximately one [0 


1 1 } ° 1 


ol shell ieneth 1s 1iost to retent mn volun herefore, 


] | 1; 


vessel designed according to Figure 5 would have approx 


] 


Imately YU percent of the capacity obtained from Figure ¢ 


If a design similar to Figure + is used. it can be as 


; ae 
sumed that approximately 24% feet of shell length will b 
lost to retention volume. In this case, 75 percent of t 


capacity as obtained from Figure 8 should be used 


Converse ly. shell I neth can be ink reased to offset losses 


in volume as shown in Figures 4 and 5. Capacities fron 


Figure 8 are directly proportional to shell length. That 3, 


1 15-foot vessel will have a capacity 11% times that 
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FIGURE 9—Capacity chart for 10-foot shell length vertical separators (Basis: 1.125 feet of oil above interface and 
1.125 feet of water between interface and water outlet 
art l. and a 20-foot vessel will have a capacity twice Spherical vessels. Figure 10 is a capacity chart for 
ve mined from Figure 8 spherical separators of various inside diameters. ‘This chart 


. , was constructed assuming that the upper liquid level 
Vertical vessels. Figure 9 is a capacity chart for 10-foot 
» shi neth ve i] separators of various inside diameters 


would be below and not closer than 5-inches from the 


vessel center line, with one-half of the liquid volume de- 
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e : If a design similar to Figure 6 1s used, 90 percent of 
’ ral Fioure without aflectine vessel gas capacity 1 
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: v vessel as indicated in Figures 2 and 3, the eas ca- ‘ . 1 . . .° 
lt care ’ percent of the capacity determined from Figure 10. 
a e vessel would have to be down-rated to that  @ ; Mine : 
aes ' ince the capacity charts are based on inside diameter 
indard 5 to 7-foot shell length vertical separator ; : ae . 
; and not nominal size, the inside diameter of the vessel 
f the encroachment into the vessel @as section . 4 . 
osst lj dit: I shell | ld } Ided should be determined from Figure 6 of Part 1 of the Pro- 
Cd idditional shell leneth coul¢ ye aaaded to ves- . ) . , 
fron ; , duction Practices Manual (Worip Or, January 1960, 
S¢ this tvpe to offset the decrease in vessel volume. 
t Is , Page 89 
. If Cre done. vessel gas Capat 1t\ would be rated the 
at ; , ' ; 
th sa for a standard 10-foot vertical separator. Use of capacity charts. ‘To use the capacity charts 
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FIGURE 10—Capacity chart for spherical separators (Basis: upper liquid level below and not closer than five inches 
from center line with '/2 liquid volume devoted to oil and '/2 to water). 


Figures 8, 9, 10), the inside diameter of the vessel is 
determined in accordance with the gas volume to be han- 
dled. After selecting the proper chart for the vessel shape 
in question, the intersecting point of the three minutes 
retention time and the vessel size selected is located. Read- 
ing to the left, the maximum amount of water or oil that 
can be handled for that retention time is determined. 
Normally. three minutes retention time will be more 
than sufficient for separating high gravity oils (50° and 
higher) and condensates from water. However, additional 
retention time will be required for lower gravity oils. ‘This 


can be determined by taking samples and observing sepa- 
ration characteristics after agitation. In some cases the 
injection of chemicals may be used to decrease reten- 
tion time. 

When ordering a three-phase separator, the purchase! 
should be able to furnish the manufacturer specific grav- 
ities of fluids to be handled. If paraffin or wax condi- 
tions are not a consideration, the manufacturer may wish 
a more rigorous method 


—The End 


to calculate retention time by 


which involves use of these gravities. 


Remember . . . all 10 Parts of the Production Practices Manual soon 
will be available under a single cover at $1 per copy. Order NOW from: 


Reprint Department, WORLD OIL, P. O. Box 2608 
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Special Report 
from API 
meetings 


Wor.tp Ol readers unable 
to attend the several Muid- 
Continent regional meetings of 
the American Petroleum Insti- 
tute will find the May issue, 
the API Drilling- Production 
Special Report, to be designed 
expressly for them. In it will 
be the cream of the crop of 
technical papers given at three 
1960 spring meetings: South- 
western (Dallas, March 2-4), 
Southern (San Antonio, March 
16-18), and Mid-Continent 
Wichita, March 30-April 1) 


It is no secret that drilling 
ontractors and oil producers 
today are undergoing some 
painful readjustments in the 
face of steadily rising costs, re- 
duced allowables and shrinking 
profits. So it ws with this in 
mind that WORLD OIL’s 
May issue will feature only 
those carefully selected papers 
which will have as their one 
primary objective: Cut costs 


ind increase profits. 


We predict this issue of 
Wortp Or: will be referred to 
any times; will be a vear-long 
reference for the job-help, cost- 
utting type of articles for 
Which Wortp Ort long has 


been noted. 


In addition to the full-length 
papers, other papers given at 
the three meetings will be ab- 
for your information 


onventence. 


his is the first time WorLp 
Ort has scheduled such a com- 
prehensive round-up of API 
papers. We think you'll agree 

vill be a value-packed issue. 
Watch for it. 
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CORRECTION 


Parts C and D of this figure were inadvertently inverted on Page 103 of the 
March 1960 issue of Wortp Or. This corrected figure should be substituted 
for the original which was included in the article “Implosion Technique 
Improves Fracturing Performance” by Donald D. Setser. 
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FIGURE 2—This schematic drawing illustrates the implosion technique. In Figure 
2A, the hollow cylindrical glass capsule is spotted by wireline or tubing opposite 
the zone of interest and pump pressure is applied at the surface. In Figure 2B, the 
collapse pressure of the capsule has been exceeded and the capsule “implodes,” 
drawing fluid into the void space and cleaning the sand face. Figure 2C indicates 
that the first phase of implosion is about complete and that a high pressure surge 
produced by the impacting inertial force of the inrushing fluid is about to begin. In 
Figure 2D, the high pressure surge acts on the formation and initiates fractures. A 
conventional hydraulic fracture treatment completes the job. 
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Shown is a portion of the 10,487 feet of 133-inch casing on 
location ready to be run into the hole. 
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Casing is pulled into the “V” door. 


A new record— 


Calculated weight of the casing string 
in the air—756,000 pounds. Maxi- 
mum weight recorded on the weight 


indicator—410,000 pounds 


Jack F. Earl, Engineering Editor 
Worup OIL 


Union Om anp Gas Corporation of Louisiana and 
P. R. Rutherford recently set 10,487 feet of 72-pounds- 
per-foot 133¢-inch casing. This string was more than 
2.000 feet deeper than the previous record depth fot 
133-inch casing. 

The record string was set in the Ursule A. Simon well 
in the Leleux field south of Crowley, La. (Figure 1). This 
well was being drilled to a total depth of 18,000 feet to 
test the Camerina sands of the area including the pro- 
ducing sand of Adams | well southwest of the Simon’s 
location. Last August, Adams 1 was completed in the 
same area with the highest surface pressure recorded 
approximately 13,000 psi. 
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Casing is made up and is ready to run into the hole. 





Landing joint, No. 262, final joint of the casing string. 


10,487 feet of 13 3/8-inch casing 


Due to the experience gained in drilling and complet- 
\dams 1, Union Oil decided that a long strine of 
-inch surface casing would be advantageous in the 

ext well. A long string of 153g-inch allows subsequent 
s of 95e-inch and 7-inch to be used to case ofl 


leeper formations. The bottom-hole formation pressure 


t the Simon well was ¢ xpected to be in excess of 15.000 


Drilling operation. Ihe well was spudded in by Gordan 


Drilling Company, Inc.. on Oct. 6, 1959. A total of 1.508 


] 
20-inch conductor strine was set and cemented. A 


! | ] ] ] rave) . 
O nen hol then was drilled out to 4.898 feet From 
] | 19 : . % +1) 
adepth, a y-INnCH Hole was drilled-reamed out to 


inches until the depth Ol 10.48) feet was reached 


is believed to be the dee pest 18! 2-inch hole drilled 
Phe 133¢-inch casing was run and cemented at this depth 
\t no time during the drilling of the 18'%-inch hole 
did it deviate more than 34 of a degree. The bit weights 
d from 10,000 to 25,000 pounds with rotary speeds 


9-200 rpm 


Mud Program While Drilling 18%-Inch Hole 


Water 
Depth Type Weight Viscosity Loss 
9 000 Low pH Native 9 .5-10.0 35-40 15-20 cc 
’ 10,000 Gyp-Oil Emulsior 10.5 10-45 6 ce 
10,500 Gyp-Oil Emulsion [2.5 10-45 D ce 
1-10,750 Gyp-Oil Emulsion 13.0 5-50 +.5 ce 


Running casing string. |he protection string consisted 
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of 261 joints of 133g-inch, 72 pounds per foot casing cal- 
culated to weigh 756,000 pounds in air. The load, re- 
duced by buoyancy, float and friction, did not exceed 
£10,000 pounds on the weight indicator. 

lo reduce the weight of the string, the operator floated 
in 2.000 feet of casing. A tension design factor of 1.98 
was attained by considering the buoyant effect of 153¢- 


inch casing 11.5 ppg mud. This design factor was based 


nm 950,000 pounds minimum ultimate joint strength of 
72 pound S-80 casing. 

The derrick was strune with twelve 13¢-inch lines. The 
maximum weight recorded on the weight indicator was 
$10,000 pounds. The running of the casing required 1112 
hours. 

Of the 88 straight guide latch-on centralizers, one was 
spaced at the float shoe at 10.485 feet. one at 10,442 feet 


and 86 on approximately 120-feet centers. 


Cementing operation. The casing was cemented with 
1.750 sacks of common cement with 10 percent gel and 
118,750 pounds of gilsonite containing 0.9 percent re- 
tarder followed by 200 sacks of neat cement. Cement 
returns were obtained for a period of 4 minutes. Maxi- 
mum pumping pressure reached was 1,200 psi. ‘Two hours 
and 20 minutes were required to mix and pump down 
cement, 

The casing operation was successful because of advance 
planning and drilling techniques. The information gained 
from operating and drilling the Adams well proved in- 
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Casing program. Following the setting of the ”) g 
133¢-inch casing, a 12'%-inch hole was being | E}R S ‘ON wi) ! 
drilled to approximately 12,000 feet where it was VERMILION 
planned to set a full string of 954-inch casing. An 
8'4-inch hole then was scheduled to be drilled to 
a point where pressures require setting 7-inch cas- 
ing. It was anticipated that a 6-inch hole could be Gulf of Mexico 
drilled on to the 18,000 feet objective depth and 
cased with 44-inch line The End 
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Here's how an artificial 


lift study can save you money 


\ccurate operating cost data, good reser- 


voir predictions are required for best results 


By Robert W. Drake, Jr., District Enginee: 
The Atlantic 


Refining Co., Odessa, Texas 

\ rHoROUGH sTuDyY of the various types of artificial 
t conducted prior to installing pumping or gas lift equip- 
ment in the first well on a lease which requires lift, may 
save an operator thousands of dollars during the produc- 
tive life of the lease 
Chere are always two or more methods by which any 
il well can be artificially lifted. The mistaken idea that 
here is only one method of lift for all wells can prove 


costly for an operator. Too often, one or more methods 
ire disregarded because of prejudice, ignorance, or fear 
of new or unfamiliar types of lift. 

When an oil well first requires lift, any type will show 
a quick payout; however, a comprehensive study may re- 
sult in thousands of dollars saved during its productive 
life. As it becomes necessary to “pump” from greater 
depths, proper lift selection becomes more valuable. 
lhe engineer has two goals in the selection of artificial 
itt equipment. His primary purpose is to select equip- 
ment which will deplete the well. A second aim is to 
select the type lift which will result in the most economic 
The 
necessarily the cheapest type to depletion. In general, a 


++ 


depletion. type with the lowest first cost is not 


tudy should be confined to one phase of depletion; 
that is, it is usually not possible to include secondary re- 
overy lift in a primary lift study. At the time of primary 
secondary recovery method and performance is sel- 
qom Known. 
Any artificial lift study must be based on well and res- 
oir characteristics. The better the reservoir predictions 
ire. the better the lift study. 


Requirements. Assume the first well on a lease requires 
For a proper evaluation of artificial lift methods, the 
APRIL 
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following information should be known or predictable 
1. Number of wells expected. 
2. Reservoir data. 
a. Bottom-hole pressure and productivity index 
b, Oil and water production. 
c. Gas/oil ratio. 


. Availability and cost of high pressure gas and 
electricity. 

+. Operating costs of various types of lift. 

5. Equipment life. 

6. Surplus equipment. 

7. Consolidation or commingling possibility. 

Often, some of this information is sketchy or not avail- 
able. However, in most instances enough data can be 
gathered to permit selection of the most economical type 
lift. 

This article is not intended to cover design of individ- 
ual artificial lift installations since ample data for this 
purpose is available in the literature. However, the engi- 
neer must keep reservoir characteristics and predictions 
in mind. 

For example, an 8,500 foot well in a solution gas reser- 
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Years After Completion 


FIGURE 1—Gas interference can play an important role in 
the selection of a pumping unit. In this case, a 74-inch stroke 
unit is sufficient to deplete the well if gas is vented. If gas 
must be “pumped,” a 144-inch unit is required. 
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FIGURE 2—Example problems of lift selection presented 
herein are based on wells which exhibit this type decline curve. 


lift. A beam pumping installation is designed 


VOlr requires 
i 


to lift the allowable from total depth without tl ought ol 
bottom-hole pressure, productivity index or decline in pro- 
ductivity. The unit installed is capable of pumping 150 


7 


bpd from 8.500 feet. vet. by the time it 1s necessary to lift 


TABLE 1—Calculation of operating costs for 6,000-foot well 
(Case 1) with capacity as shown in Figure 2 plus 25 percent 
water. 


Present Worth Operating Costs 


Gas Lift 


Present v- 
Worth Rod draulic O.P Gas 
Factor Pump Pump Cost Cost Total 
YEAR s $ $ $ s $ 
RE . 
= ( 
RQ GX 
( 
( f 


TABLE 2—Calculation of operating costs for 8,500-foot well 
(Case 2) with capacity as shown in Figure 2, no water. 


Present Worth Operating Costs 


Gas Lift 


Present Hly- 
Worth Rod draulic O.P Gas 
Factor Pump Pump Cost Cost Total 
YEAR S $ $ $ $ $ 
f i 
) 
f XS 29 
¢ . 
y 7 SO) 
f VG : 730 
; RG r 
6S f 760 = 
. . 136 648 7 
. ) ys f x59 
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om this depth, the well Capac ty has dec lined to 0) bpd 


By matching the pumping unit with well characteristics 
it is often possible to use a smaller size unit 
Conversely, disregard of eas fluid ratio where gas must 


pass through the pump may result in installation of a 
foot stroke unit where a 12 to 20 foot stroke 1s required 


Fon example, 1.000 scf of 0.9 gravity gas at reservoir con- 
ditions of 200° F and 500 psi occupies 5.85 barrels of 


the pump. Thus, if the gas/oil ratio is 1,000/1 


space al 
a volume of 6.85 barrels will have to be pumped to pro- 


qauce one barrel ol oil Fis 1T¢ l shows the effect ol gas 


interference. In this example, a 74 inch stroke unit wil 


If gas must be “pumped,” 


deplete the Wwe I] il Vas 1s Ve nted 


144 inch stroke is required 


Costs. since al 


or wells tor til 


operator is interested in depleting a wel 


ie lowest total cost, accurate cost data 


initial, replacement and operating—are required, Initial 


? ? ? ] ? : ) 
costs tor all types of equipment are eCasily obtained. Re- 


placement costs vary according to productive life of the 


1 


| } } ° - 
well and lite of various compone nts, but if propel records 


have been maintained, these costs are r¢ adily determined 


Operating costs are sometimes difficult to compute 
This is particularly true for a type lift with which an op- 
eratol has had little or no Operating experience Pub- 
lished data from trad journals. technical papers ant 
manufacturers’ brochures are helpful in estimating such 
costs. Also, othe operators art usually willing to relate 
their experiences with various types of lift. This is not to 


° 1] ! 
sav that lifting costs will be made available: however. 


most operators will reveal information such as average 
pump runs, input GOR and difficulties with various types 


} 


of lift. This information, coupled with knowledge of com- 


pany work policy (pumper work load, salary, benefits, 
etc.), should permit determination of reasonably accurate 


operating COSIS. 

Operating costs usually are expressed in cents per bar- 
rel. For an economic comparison over an extended period, 
these costs are better expressed in dollars pel well pel 
month, or dollars per well per year. ‘This is because most 
operating costs are fixed and do not decline with pro- 
duction 

For example, it takes about the same personnel and 


e same depth well whether 1t 


equipment to operate tl 
produces 100 bpd or 10 bpd. In fact, due to inherent dil- 
ficulties in operating a “stripper,” costs may go up. This 
fact is often overlooked by top management. ‘The excep- 


tion to the general rule is gas lift. Here the volume of 


] 


lift gas (a significant cost item) may or may not decline 


as production declines. In a solution gas drive reservolr, 
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lift gas volume should decline; in a water drive reservoir, 
lift gas Volume will increase. 

Salvage value of equipment must be considered. In gen- 
eral, only major long-lived items have an appreciable 
salvage value. Depreciation policy varies with different 
operators, but straight line depreciation where equipment 
is assigned a “life expectancy” and depreciated uniformly 
over this period is probably the most common method 
Relatively 


bottom-hole pumps, sucker rods, gas 


now in-use small items 





iit valves) usually have no appre- 
ciable salvage value | ae 
After ill costs have been calculated. > cee oll 
economic comparison may be ' ae 
ici It 1S theoretically possible to Er 
deplete a well with no initial invest-  pceag hae se 
eC] but with excessive operating a 
Os hat is. by continuous swabbing. 
also m1 ht be possible to install 
some type lift, at a great initial cost. n 
would hav no operating cost. . 
, 
o select the most economical type 
sole method must be used to 
lac e initial and operating costs in 
neu propel perspective Phi most 
titable method is the present worth 
isis. Here, future costs and salvage . 
LLie re GIsco ted back to the time 7 
F init investment. The interest rate 
Se ( neg will varv with dif- 
( ! ( ind as Cost Ol capital S 
s \ I rol od y 1S between 
» Ue yCTCC!I 
cmmMonstrat& this type analysis, 
initial and operauling costs 
assumed for various type lifts 
dep (hese values are as : 
for illustration only 
BASIC ASSUMPTIONS 
( ( \ S snown | rt 2 
E44 een-vear p mpin 1l¢ 
Pumpin nit lif ) years 
| ICN bi. \ irs \ I ( 
Gas engine life 6 vears oo e a 
| \ ( 
6. | vercent interest rat 


Lilt gas cost r¢ pel Met 


Case 1—6,000 foot well. (Capacity as shown in Fig- 


us 25 percent water 


F tial 


Rod pump-——$12.500 pei 


costs 

well 

Hydraulic pump 

| wel] $16,000 per well 

$13,000 per well 

vel]s $10,000 per well 

$4,000 pei well 

Z yperatine costs 
Rod pump—$150 per well per month 


Hydraulic pump-—-$170 per well per month 


APRIL 1960 WORLD OIL 


c. Gas lift 
lift gas 
d. Input GOR 


Using these values, operating costs are calculated as 


$120 per well per month plus cost of 
2,500 cubic feet per barrel. 


shown in Table 1. 


Initial, replacement and salvage values are calculated 


as follows: 


HYDRAULIC PUMP 

















P.W. Rod Pump 
Factor 1 Well } 1 Well 2 Wells 4 Wells Gas Lift 
1.0000 $12,500 $16,000 $26,000 $40,000 | $4,000 
| 
5947 714. 714 1,189 1,784 | 
1HS0 $42 $42 736 1,114 
3656 17,156 27.925 42,898 500 
444 56 308 308 
$13,212 $17,020 $27,617 $42,590 $4,000 
Salvage Value Calculations 
iginal cost $5,000 (30-vear life 
~ (HM) 
x X 3,000 
‘) 
$2,000 
ge 200 
$1,800 
0.2467 x 1.800 $ 444 
$2,500 (25-year life 
_ S00 
x S 1, SOO 
~ 400 
$ 550 
f x 5 < 6 
$5,000 (25-year life 
~ fine 
~ nH) 
50 
$1.250 
167 x - Ss JOS 
Ihe present worth values for equipment and operating 
costs then are combined to find over-all costs. 
HYDRAULIC PUMP 
Rod Pump 1 Well 2 Wells 4 Wells Gas Lift 
vel $1392 » ; $17.020 : $13,808 $10,647 $ 4,000 
167 Q4 1459 19.459 30,194 
$30,379 $36,479 $33,267 $30,106 $34,194 


Based on this comparison, rod pumping equipment 
would be selected and installed if the lease has fewer than 
+ wells. Hydraulic pumping equipment is indicated for 
leases. 


use on multiple well (more than foun 


Case 2——8,500 foot well. 


9 


ite «4 


Capacity as shown in Fig- 
no watel 
Initial costs 
a. Rod pump—$20,000 per well 
b. Hydraulic pump 


1 well 


2 wells 


$18,000 pel well 
$15,000 pel well 


+ wells $12,000 per well 
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c. Gas lift—$4,500 per we Additional considerations. |he final lift selection fo; 
either case will be made after taking into account the fol- 


Operating cos 
1. Rod pump—$1 70 per well per month lowing factors: 
b. Hydraulic pump--$200 per well per mont! 1. Surplus equipment that may be used 
c. Gas lift-—-$125 per well per month plus cost of ga 2. Possibility of consolidation and/or commingling 
d. Input GOR-—3,000 cubic feet per barrel }. Time lapse between initial and subsequent well in- 
Operating costs then are calculated as shown in Table 2 stallations on multiple well leases. 
I al, re ( ind salvage values are calculatec It is apparent that surplus material will material) 
s tabulated bel change the final lift selection. Also, a long time lapse be- 
tween first and latter lift requirements 
on multiple well leases will require 
= — sscicarctannanctecrsnctnciarianasd discounting future individual well 
Year Item Factor 1 Well 1 Well 2 Wells 4 Wells Gas Lift costs back to time of initial installa- 
: $18 > $45 ,00 $4.6 tion. For example, the central plant, 
Eng . 89 : . a major cost item in hydraulic pump- 
; 38 ine, must be installed when the first 
well requires lift 
$20,625 $19,308 $15,050 $12,515 $4.500 Examination of results of the tw 
cases analyzed emphasizes the impor- 
tance of two tactors reservoir predic- 
Salvace Value Calculations ’ 
tions and operating cost data. Reser- 
gn 3 ia voir predictions are particularly 
. important for gas lift operations. In 
° rod and hydraulic pumping, 25 to 5 
- percent watel produc tion will not Ma- 
$ 819 terially change the monthly per well 
$2 cost. In eas lift. however. this mucl 
: S01 water production will make a great 
ditference 
Some further generalizations con- 
; $ 55 cerning types of lift may also be drawn 
, ; . ; trom the Cases studied. These are 
aay . briefly summarized by type lift as fol- 
, lows 
$1.40 |. Rod pumping——On deep wells 
below 8.500 feet initial cost 
Vv C 67 ; OR pet well IS relatively high 


», Hydraulic pumping—On medi- 
im and shallow wells. initial cost 

] ° . t | Oo 

[he present worth values for equipment and operating per well is relatively high for 


1 ¢ 


° ‘ { I] le > 
costs then are combined to find over-all costs few well lease 


Gas lift——Initial cost per well for 


any depth is relatively low. How- 





HYDRAULIC PUMP _| ever, operating cost can be rela- 
Rod Pump! 1Well | 2 Wells 4Wells | Gas Lift tively high 
.W. Equipment Cost per Well $20,625 $19,308 =| $15,050 $12,415 | $ 4,500 he examples covered in the tw 
V. Operating Cost per Well 19,459 92 891 29 891 29 89] 30,115 : ‘ , 
cases were for singly completed wells 
1 P.W. Cost $40,184 $42,199 $37,941 $35,306 | $34,615 oy 
with specified conditions. Dual wells 
anc ‘or water drive wells will present 
a different set of conditions. In these 
Based on this comparison, lift selection would be as wells, methods of lift should include dual pumps and sub- 


wr mergible electric pumps; however, the method would be 

the same 

? . ‘ P fe ‘ ‘hi lect > ‘ Ee cessar anv: 

1. Lift wells by gas lift if gas available at 5¢ per Mcf. Chis sele ction m¢ thod m ly seem unnecessary to m un 
however, with deeper pumping and long reservoir life, 


eee significant savings may be possible. 
2. If high pressure gas not available, 
, This article is an expanded version of a paper which 
a. Lift 1 well lease with rod pump od pie , ; 

was presented to the Sixth Annual West Texas Oil Lift- 


b. Lift 2 to 4 well lease with hydraulic pump. ing Short Course in Lubbock. Texas. —The End 
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Geologic evaluation of aerated 


water-drilled wells 


Oil and gas shows, good cut- 
tings, derrick floor drilling 
data readily evaluated 


at wellsite 


By Paul L. Gassett 
Staff Engineer—Drilling 
Gulf Oil Corp., Houston 


GULF On 
ence with aerated water drilling shows 


that wellsite drilling 


CoRPORATION’s experi- 


sceologists and 
engineers can work together very 
effectively to provide 2ood eeological 
evaluation without departing radically 
from conventional procedures. How- 
ever, many considerations need to be 
borne in mind so that this relatively 
new drilling method can be employed 
with maximum effectiveness, particu- 
larly on wildcat wells. Some of the 
salient points in this regard follow: 


@ Oil and gas shows are readily de- 


tec ted 


® Wellsite geologists need to be cog- 
nizant of the buoyancy effects of 
aerated water on the drill pipe 
to prevent adoption of erroneous 
conclusions concerning changes 
in drilling rates. Close observance 
of derrick floor drilling conditions 
should also be made by geologists 


to avoid errors in sample logs 


® Cuttings resulting from uphole 
erosion must be distinguished 
from those circulating from the 
bottom. This distinction is readily 
made. As the depth 
the percentage of uphole mate- 


increases, 
rial tends to increase also 
APRIL 
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@ Although cuttings from shallow 
or moderate depth aerated water 
drilled holes are usually about the 
same size as those from conven- 
tional mud drilling, aerated water 
drilled cuttings may be smaller 
in deep, cased holes or where 
long sections of hard formations 
have been cut. In shallow drilling 

5.000 to 7.500 feet—cuttings 
are generally large enough to be 
useful to micropaleontologists. 
In deeper drilling, cuttings may 
be too small to provide a good 
fossil sequence, and coring may 
be required to maintain it. 

® Cuttings have a tendency to slow 
down in cavities drilled at great 
depths 


® Occasionally, individual forma- 
tion fragments as heavy as six 
pounds are blown out of shallow 
aerated water drilled holes 


@ Aerated water drilled wells tend 
to load up and flow off, impair- 
ing the continuity of samples. 
Manipulation of the air/fluid 
ratio and other operating charac- 
teristics by the drilling engineer 
can improve this condition. 

@ Swelling clays are very difficult 
to identify. 


HOW AERATED WATER 
DRILLING DEVELOPED 


Aerated water or aerated mud drill- 
ing is generally performed with the 
thought of reducing costs. Aerated 
fluid drilling’s greatest field probably 
is in an area of considerable lost circu- 
lation, cavernous or hard formations, 
or water shortage. This technique was 
employed in British Honduras explor- 
atory drilling to overcome lost circu- 
lation in cavernous limestone and 
dolomite: offshore in the Key West, 
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FIGURE 1—This schematic diagram 
shows the general layout of compressors 
and connections for air, gas, mist, or 
aerated fluid drilling. 
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FIGURE 2—This photograph shows the aerated water re- 
turn at the shale shaker on British Honduras Gulf Oil Com- 
pany Tower Hill 2 wildcat. Water overflows the pit and shale 
shaker. A samples catcher was devised, using a 20-by-20 mesh 
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tration rate increas 


by drilling engineers is required wher 


employing aerated fluid drilling 
When air and s drilling dev 
oped Bal the earcl Or oil. lt Was 


round that 


Walt! production by 1¢ 
ormations penetrated was the great- 
st disadvantage. Originally it was 
the custom to convert to conventional! 
in y whe n water was encoun- 
tered. Later mist drilling was devel- 
oped to handle small amounts of 
wate! this was later expanded to in- 


142 


( 1d watel p Ocue On rates Ol about 
60 barrels per hour, depending on 
such things as type of water produced 
wate? clisposal problems, increased 


penetration 


and the onomics of this type of drill- 
Ing in eCNne! il as compared tO mud 
drilling 

Experience gained in must drilling 


showed that penetration rates were 
slower than air drilling. but venerally 
much greatel than conventional mud 


Air was then added to the 


drilline 
drilling fluid (Fiew to 
the column of fluid returning in the 


annulus and in turn to lower the hy- 
drostatic head on the formation. This 
in turn accounts partially for the in- 
creased drilling rate 

It was soon found that aerated fluid 
considerably 
Actually the 
rate was found to be greate1 


would be eEXpec ted by the 


penetration rate was 
faster than mud drilling. 
than 
reduced hy- 


drostatic head caused bv injecting the 


rates over mud drilling. 
























shale shaker screen and an oil drum. Sections of the drum 
were cut out for water penetration of the screen and entrap- 
ment of samples. Excess samples could be dumped by rotating 
drum. Water flow rate was measured at 3,000 barrels an hour. 


attributed to tur- 


bulence set up inthe bottom ol the 


ho is the air-laden drilling fluid 

isses through the rock bit. ‘This tur- 
at es aa he hole cleas 
LIC MC? 1g sweep tne iwole clean 


or it might prevent sealing of forma- 


tion fractures caused by the bit teeth 


It is generally found that if air 1 


add qdtoa Hhuid Cire ulatine SVSteln the 


penetration rate will increase consid- 


erably when the air-laden fluid passes 


through the bit. In several cases tests 


have been run during drilling at about 
; ay ay 
10,000 feet in wells which filled with 


fluid on trips and during other down 


time. It was found that as soon as 
air passes through the bit the drilling 


rate would increase, while other drill- 


ine characteristics such as weight on 
rotation rate, and circulat- 
The pen- 
would then continue to 


increase and would reach a maximum 


bit, kelly 
ing rate remained constant 
etration rate 


rate alter the hole was unloaded and 
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FIGURE 


3—Experimentation 


maintained. 
dolo- 
sand- 


iniform conditions were 
These tests were run in lime, 
sport J J J a fy 
nile, sand, shal , and quar ZU Le 
fone In all cases thre results Were the 
ume. In many instances the penetra- 
doubled as the an passed 


roc k bit. 


on rate 


through the 


EFFECTS ON GEOLOGICAL 
EVALUATION 


Drill pipe buoyancy. Since the hole 


blows down considerably in aerated 
water drilling, the driller may have to 
pick up the drill pipe occasionally to 
observe the weight indicator reading. 

is often found that with 10,000 feet 
ot 4'4-inch drill pipe in the hole, the 


uoyancy effect on the pipe may de- 


crease until the weight indicator re- 
cords 10,000 pounds of extra weight. 
lhis must be taken into consideration 


if tl eologist wishes to compare con- 
ventional fluid drilling versus aerated 


water drilling. The geologist needs to 


nderstand this effect to prevent er- 
ror is conclusions as to changes in 
APRIL 1960 WORLD OIL 


showed that better samples 
could be obtained by placing a second shale shaker screen to 
catch the overflow from the vibrating screen. 


was also taken 


This photograph drum being 


drilling rate. The effective bit weight 


must be observed. 
Lost circulation. Possibly the 
est field for 


oreat- 
aerated water drilling is 
circulation 


in lost areas. In drilling 


such an area. about one standard 


cubic foot of air added to one gallon 
of drilling fluid is generally sufficient 
to maintain circulation. Air volumes 
in excess of one cubic foot of air to 
one gallon of drilling fluid may re- 
sult in faster drilling rate and less lag 
in getting samples to the surface. Also, 
greater hole washing possibly will 

sult; this is especially true in the 
upper section of the hole. 
The size of the aerated fluid sam- 
ple chip at the time it is cut by the 
rock bit is 
as the conventional mud drilled chip. 


probably about the same 
The sample lag at low air/water 
ratios in aerated water drilling is 
substantially the same as in mud drill- 
ing. If a circulation check is made 


using a marker such as carbide, paper 


at the Tower Hill 
duras, and shows a new screen and samples below the rotating 
manned in Figure 2. 



































2 location in British Hon- 


towels, oats, wheat, or rice, it is found 
that the marker returns across the 
shale shaker in about the theoretical 
time required for the drilling fluid 
without the air) to circulate. If the 
volume of air is increased 
ably, then the drilling fluid flows at 
a higher rate near the surface and the 


consider- 


result is a somewhat decreased cir- 
culating time. 

In aerated fluid drilling the average 
fluid circulating velocity in the annu- 
lus is generally less than 100 feet pe 
minute. The rate at the 


be several hundred feet per 


surface may 
minute. 
This high annular velocity would de- 


high 


rate results in the hole being partially 


pend on the air/fluid ratio. The 
unloaded. Air expands as it ap- 
proaches the surface; the high veloc- 
ity results in some washing effect on 
the hole. 

geologist find 


Therefore. the may 


cuttings from about any section of 
the hole that will erode in the 


ples. These erosion samples are easily 


Salmn- 
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FIGURE 4—tThis photograph shows an estimated 15,000 barrels of salt water per 
hour escaping from a 1034-inch flow line. Note the shale shaker screen below the pipe. 
\ baffle plate in the line diverts part of the water returns and samples to the screen. 


d: they are generally rounded 


ade ( 


by their movement or from mechan- 


ical action of the drill pipe 


limestones, all 


Cuttings. Mos 


dolomites, and 


nara 
harder formations art 


not affected abnormally by the 


ence of air in drilling fluid. That 1s. 
he sample will be substantially the 
Sallie SIZ¢ i d \\ re I! 1S ang ilar 
form in aerated fluid drilling about as 
iS lr) MmUCa Criliin | aeep oles 
Where long str s OL Casin ive been 
set or lone sections of hard formation 
ha ri hee hh pene ! ed e ael ited 
Alel sampl SIZ Tay he SOTTL what 
sSInalie! than the aerated mud or Con- 
ventional mud sample. This is possibly 
ciile Im pat to the fact t] al t cre 
very little 1f anv w ili Cake on the LOr- 
mation in acratead wate drillir 
The water returned in aerated wate 
drilling is generally clear: the sam- 
ple does not require washing In the 
pper section of the hole the colo 


formation can be seen 


the 


CHa? é In tile 
easily as tlie cutt 
' , , 

shale shaker. As 


tne 


very ings Cross 
depth in reases 


hole 


Cuttings also have 


percentage of upper mate- 
rial also increases 
a tendency to slow down in cavities 
which are drilled at great depths. As 
a result, the samples recovered con- 
tain a smaller portion of the bit cut- 
tines and a larger portion ol slough- 
ings 

Eventually, however, formation ma- 


terial from the washed out section in 
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the upper portion of the hole gradu- 
ally decreases and almost stops alte) 
the hole washes out enough to reduce 


the velocity of returns through that 


section. The net result is that a fairly 


constant volume of cuttings will be 


shake ! and 


down as 


coming across the shal 


the drilline rate will slow 


the harder formations are drilled 
Therefore, the proportion of 


actually beine drilled 


Sall pie 
continually aie- 


CTreaSCS 


Hence. an error in the geologist’s 

sail f | lot 

sample log may develop UW he plots 
I 

formation percentages without clos 


observance of derrick floor drilline 


conditions. ‘The geologist must watch 


very carefully for somethine new to 


sample. He may de- 


} 
ype ? | the 
ap] al n 1¢ 


tect something new, then go back and 


find traces of the new material in the 


previous or earlier samples 
The finer material arrives at th 
n drilling at great 


surface first wh: 


depths or if drilling in a cavernous 


area, such as is found in British Hon- 
duras and offshore from Key West. 
Fla. Some of this fine material will 
pass through a 20 by 30 mesh shale 


the material 


shaker 


generally follows in the next sample 


screen : Coarse! 
Ol SO), 

In exploratory drilling the geolo- 
vist may wish to core occasionally for 
correlation at critical points, espe- 
cially if he is using fossils for control. 
drillinge—5,000 to 7,500 


generally in good 


In shallow 


feet—cuttines are 


enough shape and size to be identi- 
fied by a micropaleontologist. In deep 
drilling trouble may be experienced 
in following the fossil sequence. 

It is not uncommon to have forma- 
tion fragments from shallow depths, 
2,500 feet or so, that may weigh 2 to 
} pounds. Some have been blown out 
which weigh as much as 6 pounds. 
These are believed to be ledges that 
have been broken off by drill pipe 
erosion. They are blown 


action and 


out as soon as they are broken loose, 
rather than being broken up by the 
drill pipe. These cuttings emerge in 
small fragments, as is the case in mud 
drilling 


Due to the fact that the annulus is 


filled with a combination of fluid and 


air, the well has a tendency to load 
up and flow off. In such cases sam- 
ples do not come out continuously 
In some instances in fast drilling a 30- 
drilled down with- 
Then 


while the con- 
later. The 


foot single may be 
out returns reaching the surface 
flow ofl 


is beine 


the well may 


nection made o1 
lrilling nee ‘nerally cl re 
drilling engineer can generally changer 
the air fluid ratio or other operating 
characteristics to improve this condi- 
tion 


Occasionally a very prolific water- 


he 


con- 


bearing formation is penetrated 
in such cases may be 


British 


water flow 


siderable. In Honduras on 


well produced fresh water in excess 
of 3,000 barrels per hour; of cours 
; ] ] 1 1] 

he shale shaker could not handle s 


large a volume of wate) 


Figures 2 and 3 show photographs 
of the system set up to catch the sam- 
IS gener- 


ple. Some experimentation 1s 


quired to adapt 


catcher to the cond 


Fon 
West at 


cesstully 


ally 1 each sample 


itlons encoun- 


Key 


! 
Caugnt suc- 


tered instance, offshore in 

samples were 
while drilling with returns in 
excess of 15.000 barrels of salt wate 


per hour. Figure 4 is a photograp! 


of the 1034 inch flow line and wate! 
system. A baffle plate in the 1034- 
inch flow line deflected a small 
amount of water on a shaker screen 


and a large quantity of formation 
samples was caught 

Hard limestone, dolomite, consoli- 
dated sandstone, some shale and most 
hard formations can usually be aer- 
drilled difficulty 
The softer 


such as chalk sometimes wash con- 


ated wate without 


with samples. limestones 


siderably and some of the cuttings 


Many 


emerge almost powder fine. 
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shales are not wate sensitive : they 
generally do not give any trouble with 
the 
the shale is 


geological identification. In case 
sand is not cemented, o1 
water sensitive, the nature of the ma- 
terial in place cannot be easily deter- 


mined. ‘This type of material does not 


lend itself to aerated water drilling 
because of sloughing, caving, or hole 
fill-up. Aerated mud must then be 
used 

Care must be exercised so that the 


hole is not allowed to blow down and 
permit formation water to enter the 
hole due to reduced hydrostatic pres- 
are hard to handle 


sure Such sections 


mechanically and are cased off if eco- 
nomics permit. 

Water sensitive shales generally will 
disintegrate when contacted by fresh 
water. Cuttings from these shales are 
almost powder fine 


the 


extremely fine 


when circulated to surface. An 
example of this type of shale is found 
in Springer beds in southern Okla- 
homa 

Moderately swelling clays generally 
do not give much trouble in aerated 
water drilling. espec lally if the circu- 
lated fluid is salt water. Swelling clays 
the eeolo- 


are extremely difficult for 


sist to identify The driller can 
erally 


gven- 


determine the location of a 


possible swelling clay by a repetition 
of tight hole in one depth on succes- 
sive trips soon after the section is pen- 


The hole 


close in while the well is being cir- 


etrated., generally can not 


culated 


Formation and drilling waters. |! 
a wet formation produces salt water, 
the damage done to the rest of the 
hole is negligible. If fresh water is 
produced, then some trouble may de- 
velop from the action of fresh watet 
on shale. There probably is no differ- 
ence in the case of fresh or salt watet 
on limestone or dolomite. No differ- 
the 


which the water produced was fresh. 


ence was noted in one test in 


The well that produced salt watet 
eroded about the same as the one that 
produced fresh water. Caliper surveys 


were very similar. As of January, 


( 

1960. no effort had been made to 
] 11 

drill with aerated water through a 
salt section using fresh water, No 


trouble had been experienced when 
circulating aerated salt water to drill 


a salt section. 


Oil or gas shows can be detected in 
] 


almost 


exactly the same manner as in 
About 


n drilling, the same instru- 
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ments and equipment are used and 
the same techniques are employed. 
Since in aerated water drilling the 
produced well fluid may either be cir- 
culated back in the well or allowed 
to flow to the reserve pit, an auxiliary 
connection is generally made to per- 
mit gas sampling on the blooey line 
as well as at the shale shaker. 

It is generally found that circulated 
water does not wash an oil show from 
the formation drilled. Oil shows are 
detected in exactly the same manner 
as in mud drilling. Also, the geologist 


has an added tool in aerated water 


drilling—-the aerated water column 
probably results in a decreased hydro- 
static head on the oil-bearing forma- 
tion. The oil-bearing formation is 
allowed to produce into the aerated 
fluid stream. If there is only a small 
amount of oil, a rainbow show will 
immediately appear on the water pit. 
There is less possibility of passing up 
aerated water 


drilling. Of 


course, a good oil show would be ex- 


a small oil show in 


drilling than in mud 

pected to produce. 
The hydrocarbon odor is easy to 

This check 


more useful to the geol- 


detect in aerated water. 
is generally 
ovist here than in mud drilling be- 


cause the chemicals in the mud some- 


times mask hydrocarbon odors. 

The eeologist is sometimes inclined 
to be somewhat optimistic about the 
shows encountered because they are 
generally much more positive in aer- 
ated water than in mud drilling. 

Continuous gas analyzers or gas in- 
dicators are advantageous on aerated 
water drilled wells to determine the 


exact point of gas entry. In the re- 
duced hydrostatic head drilling, gas 
will continue to be produced after the 
show has been passed through; there- 


the check 


detection is not recommended. After 


fore, spot method of gas 
vas or oil has been found in a well 
the geologist may want to drill stem 
test to determine the exact quantity. 
Sidewall cores can be taken in aer- 
ated fluid drilling as well as in con- 
ventional mud drilling. The same is 
true of conventional coring. 
Electric logging can be done at any 
time in aerated water drilling. The 
resistivity of the fluid in the hole 
should be taken into consideration in 
analyzing the electric logs. The other 
almost ex- 


logs can be analyzed in 


actly the same manner as in mud 


drilled holes. 


In aerated water drilling, as well 
as in conventional mud drilling, the 
more time the geologist can spend on 
the rig floor and the more he ob- 
serves In respect to the mechanics of 
aerated water drilling, the better his 
sample log may be. Most geologists 
who have had much experience with 
this type drilling think their sample 
logs are as good, if not better, than 
their mud drilled well logs. 

Since the fluid in the annulus is 
compressible, and the rapidity with 
which drilling conditions and other 
well characteristics change, it is very 
helpful if the drilling engineer can 
work in conjunction with the geol- 


ogist. 
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FIGURE 1—Here is a comparison of 
measured permeability with permeability 
calculated from Marshall's formula. Nat- 
ural consolidated reservoir rock, synthetic 
consolidated material and unconsolidated 
aggregates are represented in this set of 
results. Permeabilities were calculated in 
all cases by replacing the integral in Equa- 
tion (1) by the sum of 100 terms with 
equal saturation steps. Capillary pressure 
curves were measured with air displacing 
a Cy-C, aliphatic hydrocarbon mixture, 
close cut. The wetting angle was assumed 
zero and the interfacial tension measured 
at 23.0 dynes per centimeter. Calculated 
values are consistently lower than meas- 
ured values. If these low values are multi- 
plied by a factor of about 1.8, agreement 
is obtained for the Tensleep sandstone, 
synthetic material (A1-59A) and crushed 
Berea-F which appears to be the most 
homogeneous and isotropic. This is indi- 
cated by the broken line. Stratification 
could account to some extent for scatter 
about this line. It is not purely coinci- 
dental that Burdine’s formula for absolute 
permeability also predicts values which 
are low by a factor of 1.7. This has been 
discussed previously but the significance of 
the similarity is not apparent.’ 
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Measured Absolute Permeability (Darcies) 


Evaluating Marshall's formula for 


Increased accuracy is feature of modified Recently, T. J. Marshall derived a formula for abso- 


lute and relative permeability,’ which was based on a 


version. Calculated and experimentally —jodel for porous media described previously in the oi 


] 


measured results are compared industry’s literature.* Although derived from the same 


By G. H. F. Gardner, Section Head, and 


J. H. Messmer, Research Engineer 


Gulf Research and Development Company 


Pittsburgh, Pa 


model, final formulas ‘in both cases) differed. To deter- 
mine the significance of this difference, a_ series of 
measurements was made on various samples of porous 
media, Experimental results indicated a weakness in 
Marshall’s formulas, calculated absolute permeabilities 
being too low by a constant factor and relative perme- 
abilities too high. However, ideas used by Marshall were 
used to develop modified formulas which yield results 
that compare favorably with measured data. 


Apart from its theoretical interest, a relation between 


[HE RELATIONSHIP between capillary pressure and the permeability and capillary pressure data, if substanti- 
permeability of porous media is a problem common to ated, would have useful applications. Permeability of 
the petroleum engineer and the soil scientist. Their small, broken or vugular reservoir samples usually can 
investigations, however, often proceed independently. not be measured accurately. Capillary pressure curves, 
Recent contributions to the problem from both fields of however, are obtained easily in these cases and rapidly 
endeavor are compared and assessed in this article. if a mercury injection technique is used. 
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Liquid Saturation (%) 


Figure 2 


FIGURES 2 AND 3—A capillary pressure—saturation curve 
for a synthetic core (AI-59A) is shown in Figure 2 (left). Fig- 
ure 3 (right) shows corresponding measured and calculated 
relative permeability curves. Typical of almost all samples, Fig- 
ure 3 shows that Equations (2) and (3) grossly overestimate 
relative permeability. An exception was found with the MG-6 


permeability 


Absolute permeability. Marshall's formula for abso- 
lute permeability may be written in the form 


l S) dS 
K y°¢ \ Pp (1) 


where 3 interfacial tension, @ = porosity, P, equl- 


librium capillary pressure when the wetting phase 
Saturation is S. The formula is remarkable in that it 
contains no empirical constants, as does the Kozeny- 
Carman equation. For any measured capillary pressure 


Curry the 


formula yields unequivocally a value for 
aDsolute permeability. 

\ comparison of measured and calculated absolute 
permeability (using Marshall’s formula) for the samples 


examined is shown in Figure 1. 


When calculating permeabilities by Equation (1), it 
is necessary to divide the range of integration into a 
large number of steps, especially when the irreducible 
saturation is high. For example, using about 15 sub- 
divisions, Marshall calculates the permeability of a 2.7 
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Liquid Saturation (%) 


Figure 3 


and MG-7 samples for which agreement is fair; however, abso- 
lute permeabilities (Figure 1) showed the poorest agreement in 
these cases. For comparison, the relative permeability calculated 
by another formula’ also is shown. Using this formula, agree- 
ment with measured values for all the samples was good, except 
for the singular Magwa cores. 


md, Bradford sandstone with a 32 percent irreducible 
Figure 1, 15-2). However, if the 
same calculation is performed using 100 subdivisions, 


saturation as 2.4 md 


predicted permeability is only 1.4 md. Strict application 
of the formula in this case again yields too small a value 
for absolute permeability. This low value, as shown in 
Figure 1, 15-1, lies close to the value predicted by the 
broken line. 


Relative permeability. According to Marshall, rela- 
tive permeabilities of the wetting phase and the non- 
wetting phase on the drainage cycle are given, respec- 
tively, by the formulas 


aw S 1 < 
k : ds < (9) 
w \ P \ P 2 dS 4 


l S l S 
a \ Pp ds \ p 2 -dS 3) 


where S, denotes the wetting phase saturation. These 
formulas are not in close agreement with observation. 
Figure 2 shows the capillary pressure curve for a syn- 
thetic core (AL-59A) and Figure 3 the corresponding 
measured and calculated relative permeability curves. 

In the past, formulas for relative permeability gen- 
erally have been more successful than formulas for abso- 
lute permeability and it is somewhat disappointing to find 
a reversal of trend in this instance. An examination of 
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FIGURES 4 and 5—The measured capillary pressure curve for 


a Tensleep sandstone (T-1) is shown in Figure 4 (left). Figure 
5 (right) shows the corresponding measured relative perme- 


abilities, the curves calculated by Equations (2) and (3) and 


Marshalls’ 


derivation, however, suggests that this formula 
] 


might be altered and thereby brought into closer accord 
with the model used. The final formulas differ trom 
Equations (2) and (3) only in that the first is multiplied 
by a factor (S S —o and the second by 
a ] Swi) where S,, 1s the irreducible satura- 
t110n 


It can be concluded from a study of the data presented 
in Figure 5 that the modified form of Marshall’s formula 
predicts relative permeabilities with useful accuracy, at 


When stratifi- 


cation is pronoun ed, ( lose agreement Cannot be expec ted 


lease for reservoir rocks that are uniform 
Similarly, same modification of the formula for absolute 
permeability is required. 

Derivation of the modified formula. 


role of the irreducible wetting phase saturation S,; should 


Phe significant 
be recognized and considered. The simplest plan is to 
suppose that the irreducible liquid is immobile and may 


This 


unplies that the permeability to gas is not altered by the 


be treated as if it were part of the solid matrix. 
presence OI absence of the irreducible wetting phase. For 
some media this appears to be particularly true but a 10 
percent increase in gas permeability below Sy; is not 
uncommon. Nevertheless, the assumption appears to give 
useful results. The penmeability of the actual medium is 


calculated by consideration of the model with porosity * 


and wetting saturation S,.*. where 6* d( 1 a and 
ag > ~ l wi 
[wo characteristic features of a porous body are car- 


ried over to the model hese are the concepts ol pores 
and necks. For example, in a close packing of equal 
spherical particles, four adjacent spheres forming a tetra- 
hedral structure surround a cavity or pore. Also, three 
adjacent spheres form a triangular configuration with a 
neck passing between them. Each such pore has four 
necks connecting it with other pores. Packings of a more 
irregular nature may have many particles forming the 
pores and more than three particles forming the necks. 


When the non-wetting phase enters the medium and 
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the curves calculated using the additional factors. Marshall's 


original formulas overestimate the relative permeabilities but 
the modified forms are more satisfactory. This behavior is typical 
of most samples examined. 

displaces part ol the wetting phase, It Way be visualized 
as forcing its way from pore to pore through the largest 
necks. At any given difference in pressure between the 
two phases, no neck smallet than a certain size deter- 
mined by the interfacial tension can be penetrated by the 
non-wetting fluid. Thus, each pore is invaded according 
to the size of the largest neck leading to it. The irreducible 
wetting phase clings around the contacts between erains 
the interface with the non- 
For 


connecting necks in the model may be 


and tends to make circular 
wetting fluid within a neck. this reason, the inter- 
treated as circulal 
capillary tubes. The medium then is characterized by a 
distribution of pore sizes and a distribution of neck sizes 

A different sequence of events occurs on the imbibition 
cycle. When the wetting phase invades and displaces the 
non-wetting phase, it tends to accumulate in the necks 
which are the narrowest openings. If the wetting phase 
is allowed to iunbibe freely. any neck is likely to become 
blocked because the wetting phase Is not held back from 
any size of neck by the interfacial tension. It is plausible 
to assume that necks are blocked at random. When half 
the total number of necks are blocked it becomes impos- 
sible to find a path for the non-wetting phase through the 
medium which has not become blocked. Hence the perme- 
ability of the non-wetting phase becomes zero at the 
saturation corresponding to half the necks being filled. 
this saturation to 


with 


It seems not unreasonable to 
near S* 0.5, 


observation. 


expect 
occur and this is in agreement 

Explicit formulas for the drainage cycle only are con- 
sidered here, for which many experimental results are 
available for comparison. 

A typical cross section of a porous medium is imagined 
in the model) to contain a characteristic distribution of 
circular pores. It is convenient to replace this general 
distribution by a step distribution in which each size of 
pore occupies the same fraction of the total area. This 
loss of generality and with any 


may be done without 


desired degree of accuracy by including enough steps. 
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When a pore ot area A, 
area As, 
the area of the connecting neck is fA., where f is a con- 


is connected to a pore of 
and A, is greater than Az», it is assumed that 


stant fraction characteristic of the structure. This is the 
fundamental idea introduced by Marshall and provides 
the link between the pore size distribution and the neck 
size distribution. It also would be assumed that f is 
equal to &*. 

Flow through the connecting necks is calculated by use 


of Poiseuille’s law, assuming that each neck is circular 
and has the same pressure drop. For a single capillary of 
area A, the flow per unit area is equal to PA/8zp, where 
P is the pressure gradient and ,» the viscosity. For many 
capillaries of different sizes, but with each size having the 
é 


) 
Dat tise 


ame total area, the flow per unit area is equal to PA 
where A is the arithmetic mean of the different sizes 
Thus, to calculate the total flow through the necks, and 
hence the permeability, it is sufficient to estimate the 
werage neck area and the total neck area. 

At a capillary prssure P; only necks with radii greatet 
than o1 equal to r; are assumed to be penetrated where 
P 2Y /1 This means that no pore smaller than A 
filled, where 71 fA 
to A; may not be invaded if it happens that all the pores 


to which it 1s connected are smaller than A This is 


can be A pore equal in area 


kely, except at low gas saturations, and therefore it 


is assumed that 


all pores greater than or equal to A 
are occupied by the non-wetting phase. Not all this fluid 
contributes to flow however. because there must be two 


necks greater than fA, if fluid flows in and out of a pore. 


Suppose there are N sizes 
have been invaded Hence the 


Sav i/N and the 


ssuming random interconnection, pores of any one size 


of pores and that the first 1 
saturation is given by 


capillary pressure by P 2Y/1 


be supposed divided into N groups each of which 


connected to an equal number of pores of the N pos- 


ble sizes Thus the 1 invaded pore SIZES o1ve rise to 1 


sizes of invaded necks and the average radius r is given by 


When the bulk cross sectional area is A, assume that 
the total area occupied by pores in a typical cross section 
to flow is gA. It often is assumed that is equal to the 
POrosity iltthough it is actually the void area/total area 
which numerically equals porosity. It would be more 
reasonable to suppose that the void area comprises the 
average of the pore and neck areas so that g would be 
reater than the porosity The total area of the necks 
gas when the first 1 of the N pore sizes have 
N Not all these areas contribute 


low because a typical pore must have both an entrance 


been invaded is gAi 


and an exit before it can be considered permeable. The 
actual irea avallable lol flow is assumed to be lo A} N 
because the probability that a pore has a second neck 


r° enough to admit flow is i/N. 


[ Sing Poiseuille’s law and Darcw’s law. 


ce written 


permeability 


KI os —~s fy N [Pp sP Z l P | } 
ee ee N. the formula gives the abso- 
Lite permeability. 

: l 

K ¥? fg [P, t (2N 1) P,?]/N 
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This coincides exactly with Marshall’s formula if { and 
x are taken equal to ¢*. The experimental results indicate 
that f and g can be close to ¢* but usually are greater. 

he permeability of the wetting phase may be written 


fg [P.2 + 3P ; t (2N 2) 


—_ 
1} 
vA 


Kk 
Letting N tend to infinity and i/N tend to Syw*, Equa- 
tions (4) and (5) may be rewritten in the form of definite 
integrals, which then coincide with the modified form of 


) 


Equations (2) and (3). Equations (4) and (5) are suit- 


able for numerical calculations as they stand. 


Conclusions. For the majority of the experimental 


results studied, the formulas for relative permeability 
cited in reference 2 are in appreciably better agreement 
with measured values that even the modified form of 
Marshall’s equations and the formula for absolute perme- 
ability given in reference 2 is equally as useful as 
Marshall’s in as much as both require an empirical factor 
of about 1.8. 

Several other general conclusions may be drawn: 

1) It is necessary in any theory to recognize the 
existence of the irreducible wetting phase saturation 

9) The tortuosity factor of former theories can be 
replaced by the probability, that an invaded pore has 
both an entrance neck and an exit neck large enough to 
admit flow. 

}) Some parameter in addition to the porosity may 
he required to characterize the structure of typical rocks. 

+) Relative permeability curves provide a good check 
on the accuracy of any proposed theory. 

5) Stratification can introduce profound effects on 
permeability measurements which are not reflected in 
the capillary pressure curves. 
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Deeper drilling depths and 
longer uncased intervals are 
imposing severe loads on the 
drilling fluids 


By Walter J. Weiss 
Wilbur L. Hall 
Richard H. Graves 
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\S WELL DEPTHS continue to 1n- 


stabilization of the longer 
sections of exposed formation 


i severe load on the drilling fluid. 


crease the 
impose 
Che 
main problems of well bore instability 
are associated with shale bodies which 


indergo spontaneous self-dispersion 


How to stabilize long exposed shale sections 


conventional muds suppress  self-dis- 


persion if the electrolyte concentration 
is 2-4 pounds per API barrel, but self- 
dispersion shales in contact with these 
solutions imbibe liquid and become 


soft and sensitive to mechanical dis- 


integration. 


Studies of the 


surface chemistry of 


a shale control mud SyYS- 
tem which couples a high filtrate cal- 


cium level with a controlled alkalinity 


clays led to 


environment. Samples of dispersing 


shale in contact with this filtrate un- 
dergo a progressive solidification so 
that, within reasonable time, they be- 
come hard and insensitive to even 
fresh water. 

As the formation stabilization is at- 
tained by chemical means, the prep- 
aration and maintenance of shale con- 
passed primarily 
upon ‘T he 


alkalinity-calcium relationship for ef- 


trol muds must be 


chemical criteria proper 


fective shale control results in a floccu- 









































ipon contact with water or conven- 
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FIGURE 1—Life cycle of a mud-making shale. 
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system is stabilized and controlled by 
a floc-controlling or dispersing agent 
so that the mud has stable physical 
properties which are relatively insen- 
The 


nance of the properly balanced rela- 


sitive to contaminants. mainte- 
tionships for shale control and stable 
mud properties is simplified by the 
use of a prepared shale control rea- 
vent. 

The state of controlled flocculation 
is discused and the effect of dispers- 
ing and flocculating environments on 
mud properties and ‘“mud-making”’ is 
illustrated. Mud systems which have 
been or are in common usage are 
compared. 

In recent 


years the depth require- 


ment ol exploratory and development 
major sedimentary basins 
Che 8,000-foot 
years ago 1s 


With this 
requirement, oil op- 


wells in the 
has increased rapidly. 
“deep test” of a few 


“top-hole” drilling today. 


increasing depth 
erators have been faced with the alter- 
native of starting with larger and more 
costly well bores and cementing more 
and larger strings of casing in each 
well, or taking the calculated risks of 
drilling more footage of the smaller 
diameter hole between setting succes- 
sive strings of protecting casing. 

The stabilization of these longer sec- 
tions of exposed open formations has 
imposed a severe load on the drilling 
used, and in areas the 
economic limit of drilling has been 


reached using the accepted standard 


fluids some 


drilling fluids of a few years ago. In 


many other areas deep drilling  re- 


quires strict adherence to carefully 
prescribed mud properties. In_ these 
cases “mud economy” assumes a sec- 
ondary role and philosophy of “any- 
thing reasonable for success” is re- 
quired. 

A critical review of the failures of 
the current muds to handle the prob- 
lem of well bore stabilization success- 
fully established three facts: 

@ The currently available muds 
have been so perfected as to rheology 
and formation sealing characteristics 
that further improvement in viscosity 
and filtration controlling agents for 
these systems would yield only nomi- 
nal benefits. 

e Although temperature stabiliza- 
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the = 
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ition 
pers- | 
Ss on 
oe 
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are gottom view 
tire. FIGURE 2—Deteriorating effect upon the well bore of self- 
dispersion of shale. 
nent 
isins T 
' . . ° e WATER SATURATED 4\bs / bbi SHALE CONTROL 
loot FIGURE 3—Here is shown (right) the hardening action of the GYPSUM CALCIUM CHLORIDE FILTRATE 
O IS shale control filtrate in comparison to that obtained in simple Co**- 620 ppm Ca**-4130 ppm Ca** 480 ppm 
‘ electrolyte solutions. 
this ; 
OLUT N 
op- 
lter- 
lore | tion may become an important factor mud problem using a new parameter, the compacted material shown in the 
lore | 1 iture, most of the wells studied 1.e., the interaction betwen the mud. upper left hand corner into large chips 
‘ach d° come to an unsatisfactory termi- mud filtrate and the formation solids or cuttings. As water attacks these cut- 
S ol i a I) due to We I] bore instability al tings. certain types swell and Or dis- 
ller emperatures well within the acc epted Shale well bore stability. In Figure perse into millions of mi roscopic ally 
ces- t erature ranges of existing muds 1, a representation of the life cycle of | fine fundamental clay particles which 
¢ The need for increased well bore a mud-making shale is shown. Upon are intimately incorporated into thi 
sec- stability required approaching the drilling, the grinding action first breaks mud so as to increase viscosity severely. 
has [hese particles may further regroup 
ling themselves as shown in the lower left 
the so as to gel the mud to such an ex- 
een FLOCCULATED STATE tent that it can no longer be used as a 
ard drilling fluid without major correction 
In eee 
‘a P In the drilling of normal, well com- 
re- ; 
yacted, hard. black marine shales. th« 
ually O / OPERATING 1O MIN. GEL po : Signe 
/ percentage of cuttings which dispers 
1ese | | ; ‘ . 
or / RANGE ys to fine clay particles, in the relatively 
scc- } : - A Z 
snort period oO ime betwen cuttings 
Y 0° mn | | 1 of t bet tt 
ny- SS : 
; | —_—— and arrival at surface screening de- 
re- pk 
- 4 vices, is small. Since additional mud 
f i volume is required as the well deep 
. O a ‘ - Ke : : , 
’ ep ens. this limited shale dispersion causes 
obD- oa : . : : 
O little mud difficulty. Also, if the clays 
ess- 5 A . 
- are well compacted, there 1s no ab- 
— normal well bore difficulty unless sec- 
uds - tions of this type of shale are encoun- 
ogy tered which are highly fractured by 
ree formation movement or are under ab- 
sity o 1 . 1 ro 1 it 4 a 1 1 ———— — = os 
normal stress conditions. 
; The main problems of well bore 
u- ey , : 
. P stability are associated with shale 
M bodies which undergo spontaneous 
FIGURE 4—Effect of mud alkalinity on gel or viscosity. self-dispersion upon contact with 
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water Ol the conventional drilling 


muds. These shales often escape de- 


tection during the drilling program 


since they cannot be identified on the 


electric logs and. in severe cases, no 


representative intact cuttings reach 


the surface of a sufficient size to be 


separated and observed on the shale 


; ‘ a tae 
shaker screens. If a close geological 


check is being main- 


or enginecring 
tained on the mud system, these shales 
can be suspected when either the 


amount of cuttings recovered seems 


smaller for the amount ol hole being 
drilled or the volume of new mud 
being formed is abnormally high pet 
foot of hole drilled as reflected by the 
increased use of water, chemicals and 
weighting materials 

Figure 2 shows the deteriorating et- 
fect upon the well bore of this self- 


dispersion of shale. When indermin 


ine has reached a critical extent, thi 
unsupported brittle shales and sands 
will collapse. This accounts for the 
widespread held obsery ition. that 
“heaving shal 5 are hard, brittle 


shales. From Figure 2, it 1s 


lf 


PEeSULI 


apparent 
that the “heav is a and not 
1 cause, ind that the heaved material 
although responsible for sticking thie 


drilline tools, is not 


the primary prob- 
iCTIl. 
1S also 


highly 


dipping formations, the allowable ex- 


It is obvious that “heavine”™’ 


a structural problem for, in 
severely re- 


undermining 1s 


tent ol 
duced. It is impossible at this time to 
identify this type of shale by any of 
the current logging techniques, but its 
fundamental difference is readily ap- 
parent in a simple experiment wherein 
undried fragments of the two types of 
shale are dropped into ordinary tap 


watel Che normal shale will be un- 
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] 


affected, while a critical shale will be 
dispersed into mud even without agi- 
tation. 

Any successful attack on the prob- 


‘al 


primarily with preventing self-disper- 


must d 


lems of well bore stability 


sion of the shales exposed in the well 


ascertain the 


order to 


bore. In pri- 


mary factors responsible for the ab- 


normal reaction of these self-dispers- 


ine shales, a large number of clays 


I ales were analyzed 


! 
} 


, ! } 
| hese studies were conaucted to re 


late the type of shale disintegration to 


well bore instability, and established 


mechanisms in shale dis- 


¢ 


two distinct 
ser 
integration, namely: a physical change 


] 


in shape and volume arising from 


swelling due to the inhibition of water, 
and a spontaneous disintegration with- 


] 


out an appreciable change in volum 


which we have o1ven the designation 
‘self-dispersion ee 

In line with thes« developments 
was noted that: 


© Most of thi 


mud bentonites, 


drilling 


conmmmercial 
although ex] ibiting i 
high deeree of swelline, are not nor- 
mally of the self-dispersing type and 
require suppl mentary me hanical agl- 
tation for dispersion 

e Samples of severe “heaving” shales 
cored in Gulf Coast wells underwent 
spontaneous self-dispersion without 
ippreciable swelling 
Some of the earlier attempts to 
drill the difficult sections of “Sheavine 
shale” included high concentrations ol 
electrolytes such as salt and high pH 
caustic muds. Others have sought to 
use strongly adsorbed ions, calcium 
and magnesium brines, to suppress 
swelling of the clays. The approach 
of the study reported here was that of 
developing an environment which 


would stabilize the troublesome shale 
and of then developing a mud which 
would incorporate this environment. 

In evaluating the effect of various 
solutions upon shale dispersion, it was 
found that many electrolyte solutions 
such as caustic soda, salt, calcium 
chloride, saturated gypsum and high 
pH limed mud filtrates, suppress dis- 
integration by self dispersion at about 
the same level of elec trolyte content, 
1.e., 2-4 pounds per API barrel. How- 
ever, the self-dispersing shales in con- 
tact with these solutions inbibe liquid 
and develop a degree of soft incom- 
petence which makes them very sensi- 
tive to mechanical disintegration. 

It is obvious that contact with any 
media which would result in the con- 
version of the sensitive shale to such 
an incompetent state would be entirely 
unsatisfactory, since the hydraulic tur- 
bulence of the circulating drilling fluid 
would be sufficient to cause severe 
well bore erosion and subsequent hole 
enlargement. This finding emphasized 
the danger of relying upon the simple 
visual observation of the dimensional 
stability of a shale fragment as a cri- 
terion ol 


medium 


a successtul shale controlling 


SHALE CONTROL BY VARIOUS 
MUD SYSTEMS 


Simple muds. The clay-water muds, 
low pH caustk “que brac ho muds, phos- 
and the high pH 
caustic-quebracho muds, with the pos- 


sible exception ol the latter. were de- 


phate quebracho 


signed to obtain maximum dispersion 


vield trom the formation 


| herefore. 


be CXPeC ted 


and mud 


thev should not 
shale control 


Studies 
that 


to exhibit 


enerally used state. 


on shale reaction demonstrated 
the caustic-quebracho environment of 
the conventional high pH red mud 
also does not accomplish shale solidi- 


fication. 


Calcium base muds. From this study 
it was also apparent that muds com- 
posed of normal pH solutions of cal- 
clum salts, such as calcium chloride 
and calcium sulfate, will not increase 


shale stability 


Non-aqueous base muds. (i! base 
muds have been proposed for this 
application but, to the writer’s knowl- 
edge, have not been used specifically 
for this purpose. The types of shale 
which present the major portion ol 
the difficulty in “heaving shale” drill- 
ing are normally high water content 
massive shales with a putty-like con- 
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available through your supply store 


AKER 


Here are all the products needed for the first step 
toward profitable production. Look at the variety of 
Shoes and Collars Baskets...Wall Scratchers 
Casing Centralizers ...in every type and size to meet 
your well conditions successfully and economically 

Never before has your supply store been able ‘to 
offer such a complete line of Practical and Depend- 
able BAKER Primary Cementing Tools! 

You get more than just a good cement job when 
you select the balanced combination of Baker 
Primary Cementing Equipment. For, whether yours 
is a routine cement job or a “problem” with weak 
porous zones which must be protected from danger- 
ous pressure surges—you'll get the job done right 
and preserve Maximum productivity 

3aker Primary Cementing Equipment is conven- 
iently available at your supply store, backed by the 
stocks in 64 Baker Branches. Over 400 Baker Serv- 
icemen stand ready to provide genuine help with 
problems 


your cementing 


+ The only complete line of 
| | Primary Cementing Equipment 
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“‘H-20"" Hinge-Lok 
Casing Centralizer 
Product No. 9112 





Cement Baffle Collar, 


Solid 


Product No. 105 M&F 


Baker Oil Tools, Inc. 


Houston 


Hammer-Lok 

Stop Rings 

Product Nos 

940-B (Solid) 

and 945-B (Hinged) 




















*‘H-25"" Hinge-Lok 
Casing Centralizer 
Product No. 9113 
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Bull Plug Shoe 
Product No. 103 


Cement Wash-Down 
Whirler Float Shoe 
Product No. 120 























Cement Guide Shoe 
Product No. 102 


Los Angeles 




























Triplex 
Flapper Valve 
Float Collar, 


Product No. 134 M&F 





Rotating 
Wall Scratcher 
Product No. 903 





Hinge-Lok Rigid 
Casing Centralizer 
Product No. 9133 
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severely with an oil base mud. The 
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degree of success in using such a fluid 


lv related to its ability 
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the exchangeable bases on he mud 
solids occur durine conversion and 
maintenance of a high pH limed mud 
| ible l presents tiie res ilts Oot that 


study. In eighteen days, approximately 


: . ; 
6/00 pounds ot caustic soda, 26.000 


1 


pounds of lime and 14,500 pounds of 


dispersant (10,500 pounds of 


que- 


cal lum 


idded tO a mud 


bracho plus 4,000 pounds of 


henosulfonate were 


| 


system of approximately 1,200 pounds. 


1 


vet they produced no significant 


change in the exchangeable bases on 
the clays present in the mud 


In line with theory, but contrary to 


TABLE 1—Surface Chemistry of Mud Solids 
in a Typical High pH Limed Mud 


Sodium 
Saturation 





On Clay 
Approx. Solids 
Depth (feet percent Time of Sampling 
6875 72.f 2PM--Da 
at 
iPM 
) PM—Immediately pr 
\ 
{ r { | 
( 4 5 i 
O panh 
§950 f { PM—Immediat: 
7500 ; 1 days alter r 
7700 5 da alter r 
O00 5 XR da alter ers 
8550 5 2 days after ers 
KR) rte 5 da ifter r 
Os ad after r 
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FIGURE 6—REffect of calcium concentra- 
tion on equilibrium solids level. 


common thinking, it can readily be 
seen that the high pH limed mud 
system produced little or no change 
relative Ca:Na saturations of 
the clays and shales despite the Thias 
ls. It 


S¢ lf-dispersing 


in the 


sive additions of chemic: was 


further found that 


shales will soften and lose physical 


hiitrates Irom 


streneth in contact witl 
such muds 


Therefore, the high pH limed mud 


system is not primarily a shale stabi- 
lizine medium, and any shale effects 
observed appear to arise as a resul 
of the concentration of electrolyte 


present in the filtrate 


mud and not as a result of actual re- 


action with such electrolytes 


Silicate muds. [The only successful 


approach prior to this time in shale 
consolidation has been the sili ate 
mud. Specimens of the soft incom- 
petent self-dispersing shale in contact 
electrolyte. controlled 


with the high 


sodium silicate environment develop 


a “case hardening” which not only 
stabilizes the shale fragments but also 


This 


hardening appears to have a limiting 


imparts mechanical strength. 


depth of penetration, for specimens 

so treated if later broken and placed 

in fresh water disperse on the newly 
? 


fractured surface and leave a shell of 


the hardened shale as a residue 


PRESENT SHALE CONTROL MUD 
SYSTEM 


Shale control environment. Studics 
of the chemistry involved in reactions 
with clay containing materials led to 
the present shale control mud system 
which, by coupling a high filtrate cal- 
cium level with a controlled alkalinity 
environment develops shale stabiliza- 
tion by a process of progressive solidi- 
fication, which is similar to that pre- 
viously only partially obtainable by 
use of the silicate muds. 

Samples of dispersing shale placed 





in contact with controlled alkalinite. 
high calcium mud filtrate undergo a 
progressive solidification which, within 


reasonable time, renders them as hard 
and rigid in character as chips of 


highly compacted normal shale. The 
solidification obtained by use of. this 


system differs from that obtained in 


the controlled silicate environment in 
4] 


that the solution with time penetrates 


the dispersing shale specimens com- 
solidification is sucl 


they will remain stable upon late1 


ple lt lv. and the 


that 


extended exposure to fresh water even 


when mechanically broken into num- 
erous small lragments 


Figure 3 demonstrates the harden- 


ine action of the shale control filtrat 


In comparison to that obtained in 


— . ] : ] as ° 
simple electrolyte solutions which also 
possess equal or ereatel cal jum Ccon- 
tents. as previously discussed undet 


“calcium base muds.” The fresh watet 


chamber shows how the shale frag- 


ments underwent self-dispersion. This 
dispersion occurred in 16 hours with- 


out any change in dimension of th 


fragments (swelling) and _ without 


supplementary mechanical agitation 


Although retaining their original di- 


mension, the specimens in the simple 


: ' ae 
solutions developed no mechanical 


streneth, whereas those in contact 


with the shale control] filtrate under- 


went progressive solidification to a 


point where the mere tops of the 


} 


specimens would Support a load Ol 
P|] 


over 1,100 grams with no indication 


of weakness. 


Shale control mud. Having estab- 
lished the 


the problem was to incorporate this 


shale control enviroment, 
high calcium. controlled alkalinity en- 
fluid 


possess satisfactory physical properties 


vironment into a which would 


for use as a drilling mud, and which 
maintained ove! 
drilling 


could be successtull 


long periods of time while 


under a wide variety of conditions. 


This can best be obtained by use 


of a fundamentally all calcium. salt 
system which is flocculated and resta- 
bilized or dispersed to yield a high de- 
gree of stability with simplified main- 
tenance. 
To assist in the formulation and 
maintenance of properly balanced shale 
control chemistry with good physical 
mud properties, “shale control re- 


agents” are available from various 


_ 


mud additive manufacturers. 


Shale control mud characteristics. 
Secause shale control muds are used 
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a Baroid Mud Program 


MUD PROBLEM 


ss: and its solution 


This case history shows again how a com- 
plete Baroid mud program helps accomplish 
your drilling objective. A costly fishing oper- 
ation was prevented by the use of the specific 
product TRIMULSO. 

Baroid’s previous experience enabled the 
diagnosis of the potentially costly fishing job 


oe 
oy. 
T hs 


AM" 
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that would result from differential sticking. 
Previous experience also resulted in preven- 
tion of the trouble by the engineered use of 
TRIMULSO. 

This is more proof that Baroid’s new con- 
cept of modern marketing brings you added 
advantages. You get an integrated service 
that combines engineering skills developed in 
all drilling areas, quality-controlled products 
and complete delivery service that saves your 
drilling dollars! 








PREVENTS 
DIFFERENTIAL STICKING 







MAINTAINS 
GOOD EMULSIONS 


BAROID DIVISION NATIONAL LEAD COMPANY 


MAIN Orrice: Pr. o. BOK 1676, HOUSTON 1, TERAS 

















For more data on advertised products, use Readers’ Service Cards, last page. 163 





stabilization they must 
prim. 


Line It) 


for tormation 


be controlled irily by chemical 


analysis ol 


certaln hat el 


MaKe 


{ 


} to 


Cal mamtamMmeda 


Lhe 


the n adjusted. 


relations are 


: 
insure the desired shale ions 


physical properties ar 


but only in a manner which will not 


he de trimental to shale stability It is 


Necessity 


mud 


np rtant to en pl asize the 


for chemical control of this as it 
° ] 1 
is possible for Inexperienced personne! 
to fail to obtain the full advantages ol 


the system of the maintenance pro- 


1 
? 


gram is based on physical proper 


alone 


Alkalinity-calcium relations. \\ hicn 
a properly balanced shale control re- 
agent is used, the calcium alkalinity re- 


lationships are established and the 


mud can be field controlled by main- 


tenance of the mud alkalinity, P 


with a nominal amount of engineer- 


Ing supery Is1on 


Control of the shale and of the state 


of flocculation or dispersion of mud ts 
| 


ie 


related to the alkalinity control of t 


whole mud, and it is important that 


t 


the controlled flocculation State be 


maintained to insure stable physical 
properties in the 
2 } 
igure + 1s an 


System 
lan] va | \f 
1GdeallzZea representa- 


tion of the complex relationships be- 


tween viscosity or gel, and mud alka- 


as . : ' 
linite, | in the controlled flocculated 


When 


] 
converted 


and dispersed sti a mud has 


ites 


been properly with shale 


control reagent to a P,, of 8 cubi 
| 


centimeters or above and a filtrate cal- 


cium level of at least 400 ppm, the 


ud is in a satisfactorily controlled 
flocculated state and. as long as it 1 
maintained in 
19 


an operating rang 


O- ubic centimeters P,, with a cal- 


cium ion level of 


LOO-1000 ppm, the 


iddition of shale control reagent for 


maimtenance proceeds with no abnor- 


mal action in regard to viscosities 


VCIS 


However, if the chemical levels are 


allowed to drop, the mud moves to- 


a dispersed state. As the mud 


ss tO the vels drop to- 


disperse 


U-U associated with 


ward the values 
aoe eee :; : 
dispe rseaq muds, the VISCOSITY drops, 
appearance of the 


It is here that 


and the physical 
mud seems to improve 
the value of “control by chemistry’ 
can be appreciated 


could 


point is reached where 


Chis app irent im- 


provement continue until the 


the floc-con- 
+ ll; 

trolling agent or dispersant becomes 
too low in concentration or moves out 


of its range of effective operation. At 
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this point the mud will flocculate rap- 
idly and severely with damage to the 
whole system. Fortunately this condi- 
tion is preceded by a much less severe 


As the 


towards the 


effect chemical balance drifts 
cutting 


lisperse d state, 
preservation efficiency weakens anc 


t 


viscosity build-up starts. This viscosity 


is shown in the diagram by the 
dotted line 4 
When 


requiring correction, Y, and correction 


rise 
Figure 4 
the viscosity rises to a point 
is attempted by use of shale control 


reagent, the high content of partially 
dispersed solids will not return to the 
floc-controlled State without develop- 


Che 


only simple way to return successfully 


ing intolerable viscosity and gel 


again to the desired flocculated state 
of the shale control mud at this time 
is to reduce solids rapidly and rebuild 
the chemical balance before additional 
cutting dispersion can again raise the 
viscosity level 


This condition may be considered 
to be due to personnel failure, as the 
system is simple to maintain within a 
wide operating range and there is no 
need for such a condition ever to arise 
unless it is flagrantly neglected 

It will be noted on the diagram that 
value is 


a rise in the 10 minute gel 


shown for abnormally high alkalinites 
To the 


only occurred 


writers’ knowledge this has 


once and at a time when 


it has been necessary to drill approxi- 


mately 1,000 feet of flash-set cement 


from a string of 7-inch casing. The 
difficulty appears to arise from an in- 
ability of the floc controlling or dis- 
persing agent to control the floc com- 
pletely under such a severe condition, 
After 


reduced, 


the maintenance treatment was 
the P 


time, and the condition rapidly cor- 


dropped in a short 


rected itself 


In Figure 4+ the shaded area tndi- 


cates that there exists an area of de- 
marcation and not a distinct boundary 
between the flocculated and dispersed 
states. In this area exist many degrees 
of flocculation and dispersion depend- 
ing on numerous factors such as: (1 

Concentration of and ratio of floccu- 


lating and dispersing agents, (2 


na- 
ture and relative effectiveness of floc- 
culating and dispersing agents, and 

3) susceptibility of solids and system 
to flocculation. In the shale control 
system the point of entry into floccu- 
lated state appears to be more readily 
definable than a point of re-entry into 
the dispersed state. Moreover, in this 


study the flocculated state has been 


more thoroughly investigated. and the 
area of re-entry into the dispersed 
state has been of only academic inter- 
est since a shale control system should 
never be allowed to operate under this 


( ondition. 


The controlled floc state. Figure 5 
is a pictorial representation of inter- 


TABLE 2—Effect of Controlled Flocculation On Mud Making Properties 


Amount 
Drilled 
Feet 


Depth Interval (Feet 


WEIGHT MATERIAI 
CONSUMPTION 
Mud Weights 
Over Interval 
Lbs. /Gal. 


Actual 


rheoretical 
; Cwt. 


Cwrt. 





Normal Shale Control Mud Program 


Period of Abnormal Floc-Controlling Agent Usage 


,00 


Sf 5.8 a 





Mud Balance Corrected to Normal *‘Controlled Floc’’ State 


103 


TABLE 3—Surface Chemistry of Mud Solids in a Shale Control Mud 


Sodium 
Saturation 
on the Clay 


Depth Solids 
Sample Feet) 


Percent) 


Filtrate 
Calcium Ion 
Time of Sampling ppm) 








A 5500 65.3 
B 5600 23.7 
( §500 29,1 
D 7220 34.4 
E F 7500 28.1 
I 7800 28.7 


Before conversion 
\fter conversion 
1 days after conversion 
8 days after conversion 
10 days after conversion 
4 


2 days after conversion 
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PRE-OVERSEAS 
RIG ASSEMBLY 


Prior to overseas shipment, careful, accurate and 
complete assembly and inspection is made of 
each piece of your equipment. After this thorough 


inspection, all parts fit and are ready for operation. 


Inspection standards are uniform throughout 

all C-E manufacturing plants in U.S.A., France, 
England and Italy. Full responsibility is centered at 
each facility, so plant management is well 

aware of your needs. Delays for home office approval 
are eliminated .. modifications are quickly, 


inexpensively made. 





This optional item-by-item assembly and inspection 


means C-E and related equipment is complete 






. ready to perform... with no profit-wasting delays 






.. even in remote drilling or producing fields. 






For Service that Sings.. Equipment that Hums..Go.. 











CONTINENTAL- EMSCO 


Serving the Oil and Gas Industries to FF 
... Worldwide 
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TABLE 4—Comparison of Muds Used in Shale Drilling 


Simple Low pH Muds 
Caustic-Quebracho, 
Phosphate, Etc. 


High pH Caustic 
Quebracho Muds 


Silicate Mud 


Shale Control Mud 






















































































[ype of Systen Dispersed | Dispersed 
Shale Reaction Dispersing | Softening 
Well Bore React Stabilizing Sometimes deteriorating | Erosion sensitive 
Mud Making Propert Very low High High 
Original Cost Hig Low Low-moderate 
Maintenance Cost For High Weig 

Mud in Shale Drilling Low High Very Higl | High 
Conversion Mud Base Hok Compounded Hole | Hole 
Pr lreating Agent Single powdered material Mixture compounded at rig Mixture compounded at rig Mixture compounded at rig 
( trol Procedures Simple Involved Simple Simple 
Filtration Control Mechanist Organic agent Uncontrolled High dispersion-organic agent | High dispersion-organic agent 
Filtration Value Maintair Moderate Uncontrolled Moderate Moderate-low 
Emulsifying Powe Excellent Not used wit! l Emulsifier required Emulsifier often required 
lemperature Resistance Never fully evaluated 

Normally Used Fair appears good Good except phosphate mud Fair 
( ntan 1 Res 

Salt Excellent Excellent Poor Fair 

Cak Excellent Undeter 1ed Poor Fair 

ggzing Characte Good w ilcium correction Complicated Good Good 

CALCIUM MUDS* 
Feature Low pH High pH Saturated Salt Muds* | Synthetic Surfactant Muds 

ype of Syster Dispersed ** Dispersed Flocculated Controlled floc 
Shale Reaction Softening softening Sottening Softening 
Well Bore Reactior Erosion sensitive Erosion sensitive Erosion sensitive Erosion sensitive 
Mud Making Propert High** Moderate Low | Moderate 
Original Cost Moderate Moderate Moderate High 
Maintenance Cost For High Weig 

Mud in Shale Drilling Mod g Moderate-hig High Moderate-high 
Conversion Mud Base Hole Hole Compounded | Compounded 
Primary Treating Agents Mixture « pounded at rig Mixture « pounded at rig Mixture compounded at rig Mixture compounded at rig 
Control Procedures Simple Simple-involved Simple | Involved 
Filtration Control Me High dispe n**—organk High dispe . g ige Organic agent | Organic agent 

igent 

Filtration Value Maintair Moderat Moderate-low Moderate Moderate-low 
Emulsifying Power Excelle Emuls ed Emulsifier required Emulsifier required 
Temperature Resistance A Not fully evaluated 

Normally Used | Fair Fair ippears good | Excellent 
Contamination Resistance 

Salt Excellent Good Excellent Excellent 

(Calcium) Excellent Good Fair poor | Excellent poor 
Logging Characterist Good wit! rection | Good Complicated | Calcium type needs calcium 


* Exclusive of Synthetic Surfactant Muds. 


ic 
Practiced. 


** As Normally 


related states of dispersion, floccula- 


tion and controlled flocculation. 


In the dispersed mud systems, heavy 
treatment with dispersants is employed 
in an effort to maintain as nearly as 
possible a completely dispersed state 

A) between the clay particles. Op- 
posing this dispersion is the influence 
of flocculants and flocculating influ- 
ences such as salt gypsum, high solids 
state heat and even in some cases the 
chemicals originally added to aid the 
effects ) , 
which tend to shift the system towards 


dispersion over-treating 


the partially occulated state (B 


The success of dispersion depends 
upon many factors such as the effec- 
tiveness and concentration of disper- 
sant, the flocculation efficiency of the 
flocculants, and the nature of the sys- 
tem being subjected to flocculation. 
Calcium salts are normally considered 


to be severe flocculants but, in 


presently used system, a system satu- 
rated with gypsum is effectively dis- 
persed by massive treatments of 


dispersant. 


The shale control mud system re- 
lies upon controlled flocculation, 1.e., 
the calcium flocculants are capable of 
flocculating the originally dispersed 
clays to a mass flocculated state (D). 
Floc controlling or dispersing agents 


166 


one 


correction 
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This flow-contro!l valve—the key to SARGENT hydraulic pumping systems, the most efficient yet developed—is your key to productior profit. 


to 
PRODUCTION 
PROFIT! 





PROFIT = PRODUCTION — (Installation & Maintenance ) 


When SARGENT took the long stroke unit from the TOP of the hole and placed it at the 
BOTTOM to operate the time-proved standard bottom-hole pump, things happened! 
WITH THE SARGENT FREE TYPE PUMP: 


1. Sucker rods are eliminated, along with the cost of rod replacement and tubing wear. 
2. Maintenance costs drop. No longer a need for costly crew time or expensive pulling 


UNDER THE equipment. 


3. Maximum effective long, bottom-hole stroke is made possible by the exclusive SARGENT 
design which provides positive plunger travel with pre-set valve spacing. 


TOUG H EST 4. Unrestricted application because the pump can be used on any well or on more than 


one well in group operations. 


FIELD 5. This pump has been operated on oil, salt water or fresh water as power fluid. 


CONDITIONS “MISSILE QUALITY” PUMPS 


“GOOD WILL” 
is the disposition 
of the pleased 
customer to 
return to the 
place where he 
has been well 
treated.— U.S. 
Supreme Court 
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“Missile Quality” represents the uncompromising excellence of product engineering and 
manufacture where “almost perfect” is not good enough. Years of experience in the 
design and production of missile, aircraft and marine components enables SARGENT to 
produce “missile quality” A.P.I. classified pumps in advanced metals and designs to meet 
any well condition — your assurance of better pump performance. 

If you are interested in “production for profit” use SARGENT. 

Talk to your SARGENT Representative and learn how profits can be boosted by lowered 
“Installation-Maintenance” costs. 


CALIFORNIA OKLAHOMA TEXAS ILLINOIS 
Long Beach Oklahoma City* Odessa Grayville 
SALES Bakersfield Ratliff City Snyder ARKANSAS 
AND Ventura Pawhuska Andrews Magnolia 
Taft Seminole Midland* KANSAS 


Huntington Park NEW MEXICO Sundown Chase 
SERVICE Santa Fe Springs — Wichita Falls Russell 
obbs 


Great Bend* 
COLORADO 


Rangely —« sales Representation 


Handard of Excellence Since 1920 
ae’ ENGINEERING CORPORATION 


1 RN 
©s Goo? MAIN OFFICE & PLANT © 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF. 
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power on site 
from the word GO! 


Dependable on-the-spot power now comes in the 
neatest, lightest, set-it-down-and-let-it-run ‘package’ 
you ever saw. The skid-mounted Ruston TE gas turbine 

generating set gives you constant power availability 

just when and where you want it. It is capable of 

long periods of non-stop operation. It is self-contained 
and requires no cooling water. It is simplicity itself to 
operate and maintain... but why not write for full 


information in our illustrated catalogue No. 9605X? 


‘TE’ 300 kW 


MINE GAS TURBINES 


430 b.h.p. at 80°F. amb. temp. 





Ruston long-life gas turbines range in powers up to 1260 b.h.p. (80°F. amb. temp.) 


RUSTON & HORNSBY LIMITED - LINCOLN - ENGLAND 


Associated with Davey, Paxman & Co. Ltd., Colchester 


TE’ Gas Turbine Licensee for the U.S.A.: Thompson Ramo Wooldridge Inc., 23555 Euclid Avenue, 
Cleveland, Ohio 


Representatives for Petroleum Industries in the U.S.A.: Beckley, Haltom & Hickman, The Americas 
Building, Rockefeller Center, 1270-6th Avenue, New York 20, N.Y.C. 
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are then employed to reduce this mas- 
sive floc system to one of controlled 
size as idealized by stages (C) and 
B 

Being in this transitional state of 
controlled flocs. the shale control mud 
system possesses a great tolerance to 
contamination with extraneous floccu- 
lants such as salt, gypsum, cements, 
solids, ete. It requires amounts of an 
effective flocculant to induce even a 
slight shift in the degree of floccula- 
tion of the system, and this can br 
readily corrected with a small counter- 


acting treatment of floc-control agent, 


Controlled flocculation state and 
equilibrium solids. After a shale con- 
trol mud has been established in a 
controlled state of flocculation, field 
practice is normally to add _ sufficient 
new water to the system to maintain 
a constant surface volume of mud. In 
some Cases where the volume ol shales 
drilled is not high. the mud will re- 
main in a low solids state. If, however. 
massive shales are being drilled, the 
mud builds up in solids but experience 
has shown that a self-limiting condi- 
tion is eventually reached at which 
time solids cease to accumulate in the 
mud. This we have chosen to call an 
“equilibrium solids” condition. In any 
given well the value of this “equilib- 
rium solids” condition bears and ap- 
proximate relationship to the calcium 
level being maintained in the mud. 
Since calcium ion is a severe floccu- 
lant and tends to shift the mud 
towards the coarse floc state (C of 
Figure 5), at a given ratio of floc 
controlling agent, the equilibrium 
solids tends to exhibit an inverse re- 
lationship to the calcium level, 1.€., 
the higher the calcium level, the lowe 
the “equilibrium solids” for a given 
viscosity and gel level. Figure 6 repre- 
sents these conditions graphically. 
The importance of this relationship 
is best shown by example. If a well 
using shale control mud, with a +400- 
600 ppm calcium level, has been drill- 
ing massive shale and has thus reached 
an equilibrium solids state, then en- 
counters a strong calcium contributing 
formation, such as anhydrite, the vis- 
cosity level will rise. There are two 
approaches to corre tine the situa- 
tion: either reduction of the calcium 
level so that the degree of flocculation 
returns to the original level. or ad- 
justment of the floc control agent and 
solids to a level compatible with the 
new conditions. The choice depends 
solely upon the anticipated future con- 
ditions of drilling. If the problem is 
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Bethlehem Wire Rope Serves Work-Over Job in Northward Field—This is a recent 
work-over job by the J. C. Lewis Drilling Company on Well 15 in the Northward Field, near Wickett, 


lexas. The Bethlehem wire ropes were 5,500 ft of “g-in. 6 x 21 Type U Plow, right lay, with fibre 


core, and 5,000 ft of 9%-in. 6 x 7 Formset, Purple Strand, right lay, with fibre core. As usual, the rope 


provided top-notch performance—one of the reasons why it’s a favorite with drillers everywhere. 


Bethlehem Steel Export Corporatior 


Mil! depots and distributors from coast to coast stock Bethlehem Ware Rope 


BETHLEHEM STEEL 
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Concentrated in the New York- 
Newark Interurban complex are 
more natural gas consumers than 
in any single state of the union. 
Not satisfied to remain America’s 
Number One Market for consumer 
goods and services, Interurbia 
expects to grow another 10% 
this year 


Such a unique combination of 
growth and stability means un- 
equaled security for gas producers 
supplying this modern City State 
of the Gas Age. Via _ Transco, 
producers in Texas and Louisiana 
can tap the market where the most 
people are. 


TRANSCONTINENTAL Gas Pipe Line Corporation 
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of a temporary character, the first 
alternative is indicated, but if the con- 
dition is just one of a series of antici- 
pated encounters with flocculating 
formations, anhydrite, salt, etc., the 
second procedure will prove the most 
satisfactory and economic. 

In most areas, as in the Rocky 
Mountains and Canada, where gyp- 
sum and anhydrite may represent nor- 
mal problems, shale control muds are 
usually in a low solid state well below 
any equilibrium solids level and 
changes in flocculation state go prac- 


tically unnoticed. 


Controlled flocculation and dis- 
persion. Since the floc controlling 
agent acts as a dispersant, and the re- 
duction of floc size and partial disper- 
sion will result in lower viscosity and 
gels, inexperienced personnel might 
feel that this is a desirable condition 
to seek. Shale control reagent contain 
the proper quantity of floc controlling 
agent should be avoided unless thi 
mud engineer has established that the 
flocculating environment of a specifi 
system is sufficiently severe to justify 
supplementary treatment. 

This balance between degrees oO 
controlled flocculation and low leve! 
dispersion will not basically effect the 
well bore stability since shale stabili- 
zation possesses a time dependency 1 


trate into the ven 


that infusion of { 
low permeability shales progresses at ; 
reduced rate. The distortion of this 
balance shows itself primarily in 
short term reaction between mud an 
cuttings in the presence of severe agi- 
tation which in turn is reflected in 
loss of some of the ability of the mu 
tO suppress ‘“mud-making.”’ 

‘able 7 presents a study ol how 
severe this loss of control of ‘‘mud- 
making” can become by promiscuous 
use of supplemental floc-controlling 
agent. This study was made on a wel 
drilling the Hackberry shale sectior 
which was topped at 9.144 feet. Dur- 
ing this entire study. sinc e the cal 1um- 
alkalinity relationships were properly 
controlled, well bore stabilization was 
maintained this was substantiated by 
the absence of any well bore difficult 
and the high recoveries of well con- 
solidated stable material from sidewa! 
coring of the formations at the clos 
of operations. 

This and other studies have substan- 
tiated the theoretical reasoning that. 
even though a system contains a nor- 
f 


mally considered flocculating agent. if 


it has been so treated as to yield a 
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dispersed state, it will be a severe 
“mud-making” system. If this dispers- 
ing state is linked with a non-stabiliz- 
ing mud chemistry, well bore erosion 
will result. Whether and how soon this 
will lead to well bore instability de- 
pends upon the character and suscep- 


tibilitv of the formations being drilled. 


Shale control mud environment 
as an effective clay modifier. Jo 
substantiate that the chemical envi- 
ronment in a shale control mud is an 
effective clay modifier, an offset well 
to the one discussed earlier and using 
the red limed mud was selected for 
study. Table 3 presents the results of 
determinations of the exchangeable 
sodium on the mud solids in repre- 
sentative samples of the mud _ system 
while drilling through the sale sec- 
tion. The composition of the original 
hole mud varies slightly from the 
other well but the correlation is very 
vood considering the possible varia- 
tions in composition due to commer- 
cial clay “sweetening,” top-hole chem- 
ical treatments, and variations in the 

iantity and character of the mixed 
shales and sands above the shale sec- 
won 

From these data it is apparent that 
the calcium level in this system 1s 
highly effective in replacing the so- 
dium from the clays to yield a truly 
calcium type base mud clay. This clay 
modification coupled with the floc- 
controlled mud system explains the 
observation so often made that “‘shale 
control muds all look alike.” On the 
character of the shales drilled, with 

tle or no modification due to the 
chemicals in the mud, they vary 
widely in properties from area to area 
and from depth to depth in a given 
well 

lable 4 shows a comparison of 
shale and mud performances of vari- 
ous mud systems based upon a sum- 
mary of published literature, field per- 
formance reports, and selected shale 
performance tests carried out in the 


course of this investigation 


This article is based on a_ paper 
presented at the Fifth World Petro- 
leum Congress in New York. N. Y.., 
Mav 1959 The End 
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Congrats and $25 to R. STROHMEYER, J. M. Huber Corp., Borger, Texas 











When it comes to blowing our own horn... We believe it is 
done best by delivering pipe of quality, stamina and depend- 
ability. Lone Star, the oil country’s own steel mill . . . does just 
that on a round-the-clock basis. 

The Lone Star plant embodies the most advanced techniques 
in making casing, tubing, and line pipe to exacting 


API specifications. 


Neighbor, wherever you are, specify 
Lone Star and we both get a good deal. 





© 1956 Lone Star Steel Company 
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EXECUTIVE—SALES OFFICES 
L S W. Mockingbird Lane at Roper * P. O. Box 12226 * Dallas, Texos 
DISTRICT SALES OFFICES 
912 Republic National Bank Building, Dallas, Texas 
S Houston, Texas | Midland, Texas | Tulsa, Okichome 
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FIGURE 1—Jamaica offers promising geology and favorable political conditions. 
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FIGURE 2—Major structural features and the few deep tests drilled in Jamaica. 


SECTION MILLS 
AND HOLE OPENERS Renewed search for oil 


LOCKOMATIC is planned in Jamaica 


& 
...is unequalled in safety, 


performance, and economy. 
There are a dozen reasons. Geologic sections are promising, numerous surface struc- 


re 


#7. i full 
7. Roller type cutters insure a full | titres have been mapped, and gas seeps add encouragement 
gauge hole, eliminating re-reaming on " ‘ 


succeeding runs. 
@ SECTION MILL CUTTERS 
@ ROLLER CUTTERS 
@ DRAG CUTTERS 


ROTARY 


OIL TOOL COMPANY 


serving the industry over 20 years sa : 
8655 WHITAKER AVE., BUENA PARK, CALIF, | ments. Among these is the British recently been published in annual re- 
LAmbert 6-4621 © cable ROTOILTOOL island of Jamaica and its surrounding ports and in “Geonotes” of the local 


cays. There new geological informa- society. Neither enjoys wide distribu- 


By Edward A. Koester, 


Petroleum Consultant, Denver 






UNSETTLED POLITICAL conditions in This new knowledge of the strati- 
certain Latin-American countries have graphic picture in Jamaica has been 
caused a shift in exploratory interest uncovered by the Jamaica Geological 


to other countries with stable govern- | Survey Department. Its work has only 


| 
other service points: | 
BAKERSFIEL D—FAirview 4-0431 | 


VENTURA—Miller 3-4366, L & R Sales tion, not generally known, is causing tion among oil geologists. 


HOUSTON—FAirfax 3-0854, Cassco Oil Tools : ; ) : a 5 baie 
LAFAYETTE—CEnter 5-4031, Cassco Oil Tools oil prospectors to re-evaluate oil and Previously, Jamaica received little 
HOUMA—UPtown 9-2251 j ee aa . 
MARACAIBO-7-9231, 7.9232, CA Std. Directional gas possibilities. attention from oil seekers, due to the 
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TAKE PROBLEMS 
OUT OF PRODUCTION 
WITH THIS 

SIMPLE FORMULA 


In other words the advanced 
Brown HS-16-1 hydraulically 
set packer in your well 
EQUALS profit plus. 

It's simple arithmetic—pack- 
ers produce either more profit 
or less. The Brown HS-16-1 will 
produce more profit because it 
was designed to solve more 
production problems. 

Its easy to work out your 
own solution. Check the advan- 
tage chart for extra profit possi- 


bilities on your next completion. 8B. 











oe} 


A. Multi-purpose HS-16-1 can be 


used for all these applications: 


Al. As a packer for single zone 
completion. 


As a packer for single-string 
dual completion. 


\S. As the lower packer in a 
multiple-string completion. 


A4. As the packers (any num- 
ber in the same well) for 
multiple alternate-zone 
installations. 
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A5. 


An excellent packer where 
acidizing or fracturing is be- 
ing done. Dual slips enable 
the packer to withstand high 
differential pressures — pres- 
sure exceeding tubing limit. 


Going in—the HS-16-1 offers 
these advantages: 


Bl. 


B3. 


B4. 


Savings in rig time while 
running and setting. Ample 


by-pass area allows free flow * 


of well fluid around the 
packer. 


Circulation with the well 
head in place, and before 
setting the packer eliminates 
wire line work. 

The HS-16-1 is easily run in 
straight or deviated holes. 
No difficulty in running the 


packer into the top of a 
liner. 


Setting the HS-16-1 is a simpli- 
fied operation: 


Cl. 


C2. 


C3. 


C4. 


No tubing manipulation 
necessary to set packer. 


Design eliminates the possi- 
bility of premature setting. 


The “hydraulically-set” fea- 
ture minimizes the problem 
of spacing out. 


Positive well control is 
achieved since the well head 
is installed before the packer 
is set or drilling fluid dis- 
placed. 


5. Producing zones may be 


washed after the well head 
is installed. 
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C6. Set at any depth as no tub- 
ing weight is required when 
setting. Hydraulic setting 
allows the tubing to remain 
in tension due to its own 
weight. 


C7. Treating fluid may be 
spotted across the producing 
zone before the packer is set. 


D. Coming out —the HS-16-1 has 
two big advantages: 

D1. A fully retrievable packer, 
the HS-16-1 can be rerun 
after servicing. The cost of 
drilling and replacing a 
permanent-set packer is 
eliminated. 

D2. Swabbing action while pull- 
ing is minimized by the 
built-in equalizing valve and 
the ample by-pass area 
around the packer. 


The Brown HS-16-1 packers 
are available in all popular 
sizes or to your specifications 
on special order. Just call one 
of our representatives—they 
serve production areas through- 
out the free world. 





BROWN 


OIL TOOLS, INC. 











8490 KATY ROAD P. 0. BOX 19236, 
HOUSTON 24, TEXAS 
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The One Sure Way to Clean Up 





injection Flood Water 


There’s a big difference in water filtration equipment. 
Here, for example, are three small, compact, T-C Self- 
Cleaning Jet Strainers with a huge capacity for 
handling injection flood water. But best of all, these 
Strainers require little attention, even less maintenance 
expense. In fact, their operation is fully automatic. 
They clean themselves when the baskets become dirty. 
At a predetermined pressure-differential across the 
basket, rotating jets go into action and scour the 
baskets clean. The entire cleaning operation takes 


only a few minutes. 


T-C Jet Strainers are available in IOH, 20H and 
30H sizes. 100, 200, and 400 mesh screens are inter- 
changeable, depending on the particle size of sand 
and solids to be removed from the water. Extremely 
fine filtration, down to sub-micron particle size— 
including algae and bacteria—can be obtained easily 
with the aid of a diatomaceous earth coating on 
the basket. 

If you attach importance to the cleanliness of your 
flood water 





and most operators do—you should 
know all about T-C Jet Strainers. A brochure will 
gladly be sent on request. 








THORNHILL 


P.O. BOX 1184 


CRAVER Co. 


HOUSTON, TEXAS 




















opinion that it is covered with a rela- 


tively thin section of ‘Tertiary and 


Cretaceous rocks 


which are largely 
volcanic in origin and which have 
been intruded by dikes and sills. This 
is true of those parts of the island in 


which the scant drilling that has been 


7,400 feet. ‘This massif was raised up 
and overthrust alone the Yallahs 
Fault Zone (Y) in Middle Miocene 
times. East of the Blue Mountains a 
thick Cretaceous shale section, which 
needs further study, is found in the 
Rio Grande Valley, south of Port An- 


tonio. These rocks may be older than 
any Cretaceous beds in Jamaica, ac- 
cording to Dr, Chubb. 

Parallel to the Yallahs Fault is the 
Waegwater Fault Zone (W), which 
trends northwest-southeast, except at 
the south end, where it apparently 


done is concentrated 


Oil men now feel that four tests 





TABLE 1—Generalized Stratigraphic Section of Jamaica 


in an area of about 17.000 square 


miles are inadequate, and that a “new 















” . ! Quaternary lNuvium “ach sands, rece raise els 
look 1S justihed by the subsequent : . ‘ihe . m, beach sands, recent and raised reef 
geological findings. A live-and-let-live Late Tertiary Coastal Formation and Upper Miocene (Pliocene? 
petrol WM poli vy bv the covernment ; : White Lin » Formation (Middle Eocene to Lower Miocene 
i Middle and Lower Tertiary Yellow Lin > Formation (Middle Eocene 
ol Jamaica has tended to further add Rik Lower Eocene 
eal ‘ : i \\ ymerate (Lower Eocene 
to the attractiveness of this virein 
islar Sunderland Inlier St. Ann’s Great River 
slan¢ 
Garlands-Mocho Series 
iughansfield Series 100 feet 
i i 1 300- f Popkin Series 300-600 feet 
Previous Exploration. A 1,5 100 Maestrichtian Maldon Series 240-370 feet 
test by Base Metals Mining Corpora- D Woodland Series 325-485 feet 
seg ; I — Calton Hill Series 180 feet 
tion in 1995 and three deep tests by = Shepherds Hall tuffs 2,800 feet 
) WN9] ] , = ty Se ' 1OF 
| in- fa naican Qi] ¢ oOmpany 1n 199 = Stapleton Series 125 feet Shale, w. conglomerate & 
stead ' bedi = ~ Newman Hall Series 2,000 feet sandstone in upper part 
CONSTITUTE Lie Olal exploratory effort - Campanian Sunderland Series 2,000 feet 1,200 feet 
} is ] : = Johns Hall conglomerate 500 feet 
( he island. Seismic work on which S 
these sts were in part located has Santonian Barrettia limestone 15 feet 
hye en ck SC l ibe a re be Is ¢ less | he fay Or- Coniacian Ino scrape se shales” soph onglom 
ne erates and sandstone, chiefl) 
able stra raphic section of rocks re- ruronian in upper third 2,800 feet 
Y ed il e first well was not dupli- Newcastle Porphy Middle-Lower Eocene 
oo a - = 4 Nutfield Volcanic Lower Eocene? 
cated 11 he later wells, each of which Igneous and Metamorphic odi f Cretaceous 
| | } , ocks 1iorphosed Cretaceous beds 
S DEON O TlAave ween located too other intrusions in Cretaceous beds 
close t e mayor structural features 
OL thre Island: hence the better part 
sedimentary section was not 
| na These tests are in the western 2 ) ° 
——_ 
15 ( Caown-daip thicken section pam aaa i 
. . 
Cretaceous marine shales, about . ) 
\ so mut has been learned in | Of SN ave 
. 
d eC past w vears, 1s tound in. the 


northern and eastern parts. Dr. L | 


r- 
d ( IDD., a cading authority on. the 
y ()) weous rocks of the Caribbean an C 


) 


area stimates as much as 12,000 feet 
ly ol sediments may be found. Scores of } — . : BROOK mie | Or 
surbace structures are known <% ) : og j a ~ 


ind mort 


re expected to be found by additional ' 
if work. None of the tests drilled thus has it 
d fa : e several gas seeps that ) 
1! ! Own tor years 





Structure. Lhe mayor structural fea- 


ures of +] 


he island and_ the Ma... motors look practically alike on the outside, 


deep 
There is no motor with 


) but it’s what is inside that counts. 
. better windings or more ample bearings — few motors 
compare favorably. Yet, the Brook Motor costs less, . 
because of volume production, modern techniques, distribution 
in 76 countries and a realistic pricing policy. Brook Motors 
have established excellent performance records for over 

56 years in every industry using a.c. motors. 


tests drilled are shown on Figure 
Inher (A) is the anti- 
ackbone of the island west ol 


he Waewater Fault 


t 


Here Cretaceous 


sine ire exposed in a feature that 


I< ] ) oO ] Y ; t re . : 
7. oe compli ated geo- From 1 to 600 H.P. Send for literature. 
we HISLOrY All oil tests have been . 
dri ie ‘ | -d SINCE 1904 worlds most respected motor 
; OFl Ul south and west sides 


OF this teature 


BROOK MOTOR CORPORATION 


3302-04 W. Peterson Ave., Chicago 45, Illinois 


Factory Representatives, Warehouses, Dealers in Principal Cities. 
In Canada: Brook Electric Motors of Canada, Ltd. 
250 University Ave., Toronto, Canada 


| pographically, the highest part 


ELECTRIC 
| MOTORS 


ol naica 1s found in the Blue Moun- 


tall B 





where peaks rise to above 
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coastal fault 
the Yallahs 
Fault Zone is known as the Wagwater 
thick- 
ness of debris and clastics accumulated 
de- 


Mountains on 


turns east to become a 


The area between it and 


Belt. in which a considerable 


in early Eocene time These are 


: 
rived from the Blu 
i ‘ a 


; . 
he east and a large mass of grano- 


diorite intrusions on the west 
The Wagwater Fault Zone 1s 


important in that along its projection 


] 
also 


in [ ppel Cretaceous times there ex- 


sted a boundary between two faunal 


Che eastern section corre- 


provinces. 






ead tests 
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Rubber Sucker Rod and Tubing Guides? 


IT JUST MAKES GOOD BUSINESS SENSE! 


Invest a little to protect a lot. Oll STATES Guides di 
protect your tubing and rods because they: if 


* Prevent metal-to-metal contact between rods and tubing 


¢ Centralize tubing in casing, minimizing “breathing” 


of tubing 


¢ Lessen wear on pump by deadening “rod whip” 
* Prevent paraffin build-up when properly spaced 


OIL STATES RUBBER SNAP-ON GUIDES ARE EASILY INSTALLED AS RODS AND 
TUBING GO INTO THE WELL. THEY DO NOT OBSTRUCT FISHING TOOLS. 


‘Oilfield Rubber Products Of Matchless Quality” 


See your local Oil STATES Field Representative for additional information or write or call — 


pial OIL STATES RUBBER CO. 


P.O. Drawer 152 @ Arlington, Texas 
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We all insure our valuable equipment against accidental 
damage or loss. Why not help insure expensive tubing 
and sucker rod strings against unnecessary wear and 
service by making a small investment in OIL STATES 


more closely with Cretaceous 


Cuba. 


section may correlate with those rocks 


lates 


beds in whereas the western 


in Venezuela and Colombia 


In western Jamaica, parallel to the 
main direc tion ol the Waewate1 Fault 


Zone. is the Cambridge-Santa Cruz 
Fault Zone ((¢ extending southeast 
from Montego Bay. The other fault 


trend is exemplified along the north 
Fault System 
Montego 


[It consists of a complex zone of 


coast by the Duanvale 
D), which extends east of 
Bay. 
faulting, whicl down the land 


STtTeCDS 


THINK OF 


GUIDES 


AS 


NSURANCE... 


CUT-A-WAY VIEW OF 
PRODUCTION STRING 


TUBING 
SNAP-ON GUIDE 
: a. 


\ 





i 
SUCKER ROD 


SNAP-ON GUIDE 
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surface and the bed of the sea to the 
the Bartlett 
trough, separating Jamaica from 
Cuba. 


depths of Cayman 


A similar fault svstem is found 


on the south coast. 
That these old lines of weakness 
and structural deformations are still 


alive is demonstrated by the fact that 
the epicenter of earthquake activity as 
late as the tremor in 1957 was located 
the Duanvale sys- 


Montego Bay 


along the trend of 


tem west ol 


Small structural features, not shown 
on the map, which would be the site 
of oil exploration, are generally paral- 
lel to the 


west-southeast 


either east-west of north- 


None of 


structures on the north and east side 


trends. these 
of the island where stratigraphic con- 
are believed to be better have 


tested. 


ditions 
been 


Stratigraphy. More than half the 
surface of Jamaica is covered by the 
“White 


from 


which ranges in 
Middle 


Lower Miocene. The underlying “Yel- 


Limestone,’ 


age upper Eocene to 
much 
area and 1s of Middle 


Below it in 


low Limestone” occupies a 


smaller surface 


Eocene age some parts 


of the island are the “Carbonaceous 


Middle 


age, which have 


shales’ (Richmond Beds) of 


and Lower Eocene 
been mistaken in some areas for Cre- 


Tuffs 


and conglomerate make up a good 


taceous shales, and vice versa. 
part of the Tertiary section in several 


areas. and are sometimes found inter- 


bedded with the above formations. 


Outcrops of Cretaceous rocks are 
present in the Central Inlier and on 
the flanks of the Blue Mountains. In 
the latter area they are just now being 
thoroughly studied. and are believed 
to represent the oldest Cretaceous of 
the island. Moreover, Cretaceous 
rocks are found in several inliers, par- 
ticularly of Montego Bay, 
near St. Ann’s Bay, at Guy’s Hill in- 
lier between the Wagwater Belt and 
St. Ann’s Bay, and elsewhere. The na- 
ture of the stratigraphic section in 


southeast 


these inliers has only recently been 


understood. 
Late Tertiary and Pleistocene de- 
posits are found in bands of variable 
width along the edge of the island. 
Karst topography is a characteristic 
of the Tertiary limestones in all parts 
of the island. But it has reached an 
advanced stage of development in the 
“Cockpit Country,” which lies north 


and west of the Central Inlier. This 
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area, being much dissected by deep 
sink holes, presents a very rough 
topography, very difficult to traverse. 
Due to the intense solution of the 
limestone by atmospheric waters, rain 
water sinks into the fissures and cavi- 
ties forming large caves and conduits. 
Relatively few surface streams are de- 
veloped, and water supply in these 
areas is a serious problem. Naturally, 
seismic work in these areas is very 
unreliable. 

The stratigraphic section shown in 
Table 1 (page 177) is compiled from 
the later publications of the Jamaica 
Geological Survey. The Tertiary sec- 
tion is fairly well understood, but 
much work remains to be done on it. 
In some areas the White Limestone 
has been successfully broken down 
into individual formations. But the 
relationship of these formations ‘o 
each other and to the Richmond 
shales! will be studied more 
thoroughly. 

Considerable progress has been 
made in the understanding of the 
Cretaceous beds, particularly in the 
last few years. However, more field 
work is needed to determine the rela- 
tionships of the sections exposed in 
the several separated inliers; and un- 
doubtedly this work will change the 
interpretation shown in Table 1, 
which is an attempt to illustrate the 
relationships found in two inliers that 
give long sections 

The Sunderland Inlier? is southeast 
of Montego Bay. The St. Ann’s Great 
River section® near the north coast, is 
on an undrilled anticline where meth- 
ane gas bubbles continuously from the 
Windsor Spring. Earlier work had 
suggested that these two sections 
were correlative. Micropaleontological 
studies have shown that the rocks at 
St. Ann’s are older than those found 
at Sunderland 

Moreover, the lithologic character 
of these rocks is more attractive to 
the oil finder than those exposed at 
the Central Inlier. The latter section 
is that which was penetrated in part 
by the four wells previously drilled on 
the island. Moreover, the Cretaceous 
beds east of the Blue Mountains may 
be older than those at St. Ann’s. They 
are presently being studied by geolo- 
gists of the Survey under the leader- 
ship of Dr. V. A. Zans. 
Exploration. Jamaica Time Petro- 
leum, Inc., headed by R. R. Green- 
baum of Wichita, Kan., signed an 
agreement on Sept. 22, 1959, with the 
Jamaican government for an exclu- 
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Planning 
to enter the 


&\ foreign market? 
‘\ 





If so, bring AFIA into your plans now to help make sure 
that your investment and your liability will be soundly 
protected right from the start. In this way you profit by... 


... AFIA’s decades of experience protecting the overseas 
interests of American leaders in business. 


. . insurance carefully patterned to your business needs 
and which meets the insurance requirements of the countries 
where your risks are located. 

...oOn-the-scene service and claims settling facilities 
through 700 offices in 74 countries. 

Whether it’s a new venture or expansion of your present 
foreign operations ask your agent or broker to put AFIA 


on your planning team to protect the security of your busi- 
ness abroad with OVERSEAS INSURANCE unsurpassed. 


daN 


AMERICAN FOREIGN INSURANCE ASSOCIATION 
161 William Street ¢ New York 38, New York 


CHICAGO OFFICE . .Insurance Exchange Building, 175 West Jackson Blvd., Chicago 4, Hlinois 














DALLAS OFFICE ......... . 400 Vaughn Building, 1712 Commerce Street, Dallas 1, Texas 
HOUSTON OFFICE......... The Century Building, 2120 Travis Street, Houston 2, Texas 
LOS: ANGELES OFFICE oi oS SS 3277 Wilshire Boulevard, Los Angeles 5, California 


..SAN FRANCISCO OFFICE. .Russ Building, 235 Montgomery Street, San Francisco 4, California 
WASHINGTON OFFICE... .. Woodward Building, 733 Sth Sereet N. W., Washington 5, D. C. 


An association of leading American capital stock fire, marine, casualty and 


surety insurance companies providing insurance protection in foreign lands 
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sive exploration CONCesslon covering tests must be drilled to 15.000 teet. vears, with right of renewal for an. ‘ 





all of Jamaica and its territorial] if possible, but there is a “granite other 20 years, No rentals are payable 
waters, as well as the Pedro Banks and — clause” in the agreement. Moreover, tor the first five vears after the acre- 
the Morant Cavs. ‘The terms of thi all geological and geophysical infor- age is chosen, and thereatter the 
concession are realistic, and allow for mations secured by the earlier opera- rentals are nominal. 
thorough program of geological and — tors in the country, including sample A checkerboard system similar to 
eophysical exploration ahead of the and electric logs and geophysical sur- that of Canada is provided, except 
drill, rather than the hasty program — vevs, are available to Jamaica Time's that the retained units are larger, : 
usually demanded in so many conces seologists, Who are now working in Acreage is earned on a graduated 
SIONS the country scale, with wells drilled below 1,000 
amaica Pime is allowed 18 months Other teatures of the concession feet earning 40,000 acres and those 
o do veological work in the area be ire attractive. Rovalty is sixteen and going over 12.000 feet acquiring 
fore the first of a series of five wells two-thirds percent Phe term of the 80.000 acres. If oil is found above § 
must be commenced. One otf these mineral leases to be eviven will be 20 1.000 teet. the discovery well earns 


10.000 acres. Any disputes that may 
arise are to be settled by impartial 
arbitration 

The search for natural resources in 
Jamaica commenced in 1494, when 
Columbus landed, looking for gold. 
Nearly 450 vears later the red earth 
above the White Limestone was found 
to run high in alumina, and today 





Jamaica ranks at the top among the 


bauxite-producing countries of the ; 
ak : p 
free world. This industry offers a prof- i 


itable market for anv gas that may 
be found. Meanwhile, the search for 
the Black Gold of the 20th century 


continues. encouraged by the more 





favorable geological knowledge un- 


covered in recent vears 
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Quality and service make 
Butler tanks your best buy 


Experience creates quality. And Butler bolted steel tanks have 
been used for petroleum storage for over 45 vears. You get 
tight, safe tanks — pre-engineered to exacting A.P.I. standards 
in a range of capacities from 100 to 10.000 barrels 

What's more your butler tank distributor is set up to 
give vou the fastest possible service when your well comes in 
He stocks a full assortment of tanks. stairways, walkways and 
equipment in key oil producing areas. And his well-trained 








crews ofter fast expert erection service 
For famous Butler quality — and fast service when and Dr. Ed ‘ae } 
: r. hdware . oester, petro- 

where vou need it, call vour nearest Butler tank distributor : 








He is listed below cunt CONS! int and geologist, 
Denver, is a past president of the 
Flowers Tank Co., Delta Tank Manufacturing Co. Inc., Canadian Distributor American Association of Petroleum 
New Harmony, Indiana Baton Rouge, La Oil Field Services, Ltd., Estevan Creologists 954 He was grad- 
mop at Aparege earougnout Saskatchewan; Edmonton, Alberta uated from Friends University, 
ky Mountain oil fields. Wichita, Kansas, and the Univer 
sity of Missouri. He also studied at 
the University of Colorado. He 
BUTLER MANUFACTURING COMPANY wicked wih de U5, Godeseal 
7466 East 13th Street, Kansas City 26, Missouri Survey and several independent 
companies from l92o to 1947, and | 





Manufacturers of Equipment for Oil Storage and Transportation, Farming, Outdoor Advertising, 
Metal Buildings + Contract Manufacturing 

Factories at Kansas City, M e Minneas Minn. « Galesburg, Ill. « Richmond, Calif. « Birmingham, Ala 
Houston, Texas « Burlington, Ontario, Canada 


then became a consulting geologist 
ind oll producer 
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WAUKESHA 








You can and do get service on Waukesha Oil Field Engines 
—when you want it, where you want it, how you want it. 
There's a Waukesha Oil Field Distributor, or one of his 
branches, near you. He has the set-up to give you top- 
notch service—experienced engineers and specially trained 
service men. And the genuine Waukesha parts you'll need, 
too. Look for the sign—stop in and see him. 





,yTHORIZED DISTRIBU 7. 





_EOTOR @ 


GENUINE PARTS 
= 











POWER UNITS 








TE 
COMPLETE SERVICE 










WAUKESHA ENGINE and EQUIP. CO. REAGAN EQUIPMENT CO. 


COLORADO: Denver LOUISIANA: New Orleans 
WYOMING: Casper MISSISSIPPI: Jackson 
WAUKESHA SALES and SERVICE, Inc. Sau danas Geena SOUTHERN CALIFORNIA BRANCHES 
TEXAS: Houston, Wichita Falls, Corpus Christi, MONTANA: Great Falls CALIFORNIA: Los Angeles 
Odessa, Kilgore, Dallas, Pampa, Bakersfield 
Abilene, Midland, San Juan, THE LOVE MACHINE CO., Inc, Ventura 
San Antonio , ; 
LOUISIANA: New Iberia, Shreveport pad smite NORTHERN ENGINE and EQUIP. CO. 
NEW MEXICO: Hobbs WAUKESHA OF UTAH CANADA: Edmonton (Alberta) 
UTAH: Blandin Va ver (B. C.) 
KANSAS ENGINE & MACHINERY CO., Inc. ponent — 
KANSAS: Great Bend, Wichita OIL FIELD MOTOR SERVICE CO. MASSE EQUIPMENT CO. 
: Grayvi CANADA: ntreal b 
WERME SUPPLY COMPANY ILLINOIS: Grayville Montreal (Quebec) 
OKLAHOMA: Oklahoma City OIL WELL SUPPLY COMPANY KIPP KELLY, LTD. 
EST A: r CANADA: Winni Manitoba 
HOPEMAN EQUIPMENT COMPANY WEST VIRGINIA: Charleston Winnipeg (Manitoba) 
OKLAHOMA: Seminole, Duncan, SOUTHERN COACH PARTS, Inc. ATLAS POLAR CO., LTD. 
Oklahoma City ALABAMA: Birmingham CANADA: Toronto (Ontario) 
A 460 


WAUKESHA MOTOR COMPANY ~ WAUKESHA, WISCONSIN * New York * Tulsa * Los Angeles 


Factories: Waukesha, Wisconsin, and Clinton, lowa 
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How to reduce downhole 


corrosion with inhibitors 


Operators may choose from 21 basic inhibitor application 


methods. Treatments are designed for use in all types of 


wells 


By Jack P. Stanton, Manager of Corrosion Control, 


Visco Products Company, Houston 
DoWNHOLE CORROSION Cuts pro- 
duction, reduces pro! tS and Causes e@xX- 
pensive equipment 
workover COStS 


replacement and 
Properly applied in- 


hibitors have been found effective in 


reducing the corrosion problem in the 


| , 


LrlOUS types ol fiowin and artificla 


This article will dis 


litt wells 
rosion problems encountered in oil 
ind vas produc Ing wells Also in 
cluded are 21 inhibitor applicatior 
methods which can be used to solve 


these problems 


TYPES OF CORROSION 


Corrosion in sweet oil flowine wells 
results from electrochemical, galvani 
electrolytic, erosion-corrosion and 
Stress corrosion attack S 
pum pi vells are subject to the sam« 
types of corrosive attach Sucker rods 
may hecome pitted Ol ck eClop Stress 


corrosion cracks. Pin and coupling 


failures and rod and tubing wear are 


major trouble sources. Rod and tub- 


ing wear appears to result from corro- 
sion-erosion wherein moving rods rub 
off the protective corrosion products 
This problem can be particularly 
severe when produced fluids carry 
sand. Oxygen corrosion also occurs in 
such wells, the ox\ ven being intro- 
duced when wells operate with an 
i 


open annulus and low fluid level 


Corrosion problems are increased in 


f 7 
1 lijt wets 


because of depth and 


consequent high bottom-hole temper- 


atures, low bottom-hole pH’s and eX 
| 


cessive water production. Corrosion 


factors, in addition to those listed 


include: electrochemical 


corrosion otf the 


previously, 
differential gas con- 


centration tvpe whi h is evide nced by 


Field Tested and Approved 


150 psi working pressure 
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a spongy, porous appearance of the 
affected area: galvanic corrosion of 
steel gas-lift mandrels in contact with 
corrosion-erosion 


monel valves; and 


of the interior of the mandrel. 
lubing corrosion generally is more 
severe above gas lift valves. Oxygen 
corrosion sometimes is encountered in 
sweet gas lift wells. If the lift gas com 
pressor exerts suction on the well cas- 
each time 


ing, alr is introduced 


well is pulled. Paraffin and corrosior 
problems frequently exist simultane 
ously in these wells. 

Sweet gas-condensate wells experi 
ence electrochemical corrosion, which 
is caused by carbon dioxide and 
water, and is often aggravated by 
presence ol short chain aliphatic acids 

formic, acetic Formation of deep, 
sharp-edged pits is common and is 
more severe in the upper portion of 
the string where condensation of 
acidic water occurs. In fact, corrosion 
of Christmas tree fittings are usually 
subjected to more severe attack thar 
the producing string. 

Corrosion-erosion is Common i 
these wells because of relatively hig! 
flow velocities. The problem is partic- 
ularly acute in high-volume producers, 
This type of attack is most in evidence 
when turbulance adds to the corrosior 
product removal action. It appears on 
the downstream side of chokes, valves 
and producing string joints. A special 
kind of galvanic attack known as 
ringworm corrosion sometimes occurs 
a few inches above and below tubins 
upsets. Normalizing at the pipe mil 
will relieve this problem 


Most of the 


of corrosion are 


aforementioned types 
found in sour ga 
condensate vell However. the pri- 
mary problem in deep, high pressure 
sulfide stress corrosion 
severe 


wells 1S with 
cracking cracking has been 


encountered with metals stressed at 
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7 JET MIXER & HOPPER 





FR OM 


IPLISHMENI 


Maintaining leadership in the field of service to the Petroleum 
Industry depends not only on day-to-day customer satisfac- 
tion... but also on continuing development of new ideas... 
new and better equipment and products... better ways of 
doing things. By selecting Halliburton, the leader in this im- 
portant field, the Petroleum Industry demonstrates a confi- 
dence in our ability to consistently produce more of the im- 
proved products and methods it has come to expect. Some 
well known examples of this ability are... 





ag 
a 
TEE, 


[TON JET-TYPE MIXER 
revolutionized oil well cementing in the early 
1920’s by providing a means of continuous, hy- 
draulically mixing and proportioning of cement 
on the job. The latest models capable of mixing 
a maximum of 50 sacks per minute with water- 
cement ratios ranging from 3% gal. per sack 
upward are in service today all over the world. 


E HALLIBURTON TWO PLUG METHOD 

with a bottom 5 wiper rupturing diaphragm plug 
leading the cement slurry helps to provide a bet- 
ter primary cementing job by wiping the casing 
clean as it moves down the pipe... and a top 5 
wiper solid plug following the cement down to 
the pressure-ruptured diaphragm bottom plug 
causes a shut-off of fluids being pumped into the 
casing. Landing of top plug lessens the possibility 
of further cement displacement and provides a 
better bond of cement around the bottom of the 
casing where it is required. 


HALLIBURTON I 


JENSOMETER 

provides a continuous reading of cement slurry 
density in pounds per gallon. .. density of a given 
sample is indicated within 10 seconds and data is 
permanently recorded on a visual strip chart. This 
new instrument is installed on Halliburton mobile 
cementing units for better control of cement slurry 
strength and pumpability characteristics as a 
means toward better primary cementing jobs. 


These are only a few examples in the long line of develop- 
ments begun nearly 40 years ago when Halliburton first 
became known in the oil fields. Today, Halliburton repre- 
sents the largest, most efficient oil field servicing organization 
in the world ...and the facilities of the entire Halliburton 
servicing team are as near as your telephone. 


CcEnaTrEers <— 
¥ouU R 





CEMENTING SERVICES 


1960 


Ott. 


WORLD OiL 


WELL 


CEMENTING 
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OSIOT, 


COTTO- 


Clli- 


mucrobio- 


mndensation 


( 


Ol- 





| | , 
icCK Is que lo 


Electrochemical att: 
presence of sulfides and water and 1s 


accelerated by carbon dioxide, organi 


and or oxveen. Embrittlement 


blistering appear closely related 


to sulfide stress corrosion crackine 

Monatomi 
} . 1} 

produced In the COTrrostron reaction, 


the 


ana 


or “nascent” hydrogen 


through steel con- 


merates 


to the diatom vas al occlu- 


verts 


sions in the metal. Pressure builds up 


at these gas-gathering points until in- 


ternal rupture of the metal occurs 
Microbiological corrosion results 


} 
from action by sulfate-reducing bac- 





Oilman’s friend in deed! 


This newest JENSEN Rotary Bal- 


anced JACK 


is 


one of 


the best 


friends an oilman ever had. Proves 


it by being more profitable 


pumping more oil for less money... 


working longer with less trouble. 
JENSEN Rotary JACKS are mak- 


STOCKED 


BY 


YOUR 


Made by JENSEN BROS. MFG. CO., INC., Coffeyville, Kansas 
Export Office: 250 Park Avenue, New York 17, N. Y. 


LOCAL 


ing friends of producers everywhere, 
and if you’re not among this happy 
group you're missing something. 
Get the facts on Jensen before 
you equip that next well—no matter 
how deep it is or where it is. 
Chances are you'll get a JENSEN. 


SUPPLY STORE 
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| hie st 


in earth, grow and multiply only in 


teria microorganisms, 


present 


a suitable oxveen-free (anerobic) en- 


vironment in which moisture, trace 
minerals, organic matter, suitable pH 
and reducible sulfate ions are avail- 
able 
Phe 
sion by producing acidic, corrosive 
H.S 


formed at the cathodes in the down- 


sulfate-reducers Cause cCorro- 


by comsuming hydrogen 


and es 
hole corrosion cells. By removing the 
polarizing hydrogen layer, they reduce 
in the corrosion 


the attack. 


Annular space condensation occurs 


resistance cell and 


act elerate 


because the upper part of the casing 
is cooler than the dewpoint of the as 
Wate droplets 


and corrosive 


space 


which form are acid 


in the annular 


The iron sulfide scale thus formed is 
the 


pitting. This type corrosion may be 


cathodic to steel and encourages 


overlooked since the same attack usu- 


ally does not occur on the outside ol 
the tubing. Generally, even the upper 
part of the tubing is above the dew- 


point of the gas in the annulus 
Oxvegen corrosion sometimes is en- 

countered in sour pumping wells with 

a low fluid level and open annulus 
Galvanic corrosion and electrolytic 


corrosion also are encountered. Ap- 


parently, the lubricant film on_ pol- 
ished rods can insulate the rods from 
Thus, 
currents can enter the pumping unit 
the 
The 
jump usually occurs just above a high- 


The 


thread lubricant in the joint presum- 


the tubine and casing. stray 


and rods and jump to tubing 


somewhere downhole. current 


resistance joint in the rod string. 


ably furnishes most of the resistance 


CORROSION PROBLEM 
SOLUTIONS 


lable 1 lists various solutions which 
may be applied to the corrosion prob- 
lems discussed previously, While this 
article is concerned primarily with 
application of downhole inhibitors. 
the importance of the nature of the 
corrosion problem and the alternative 


Table 1, 


emphasized. Selection of the type 


solutions shown in must be 
chemical and application method, and 
evaluation of results. should be based 
upon thorough knowledge of the 
problems and alternative solutions. 
Sometimes situlations are encountered 
wherein no inhibitor can do the job 
necessary 


until engineering changes 


are made. 


Inhibitor application. Once it has 


been determined that the downhole 
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HAND PUMP OPERATION 


To further speed up installation and break-out oper- 
ations, you don’t need a power-driven hydraulic sys- 
tem to operate the Type LWS. You can use one, of 
course, and various power driven systems are available 
for closing the Type LWS in from 2 to 7 seconds, 
depending upon the arrangement used. 

But where installation simplicity is the keynote, a 
portable Shaffer Hand Pump is available —completely 
self-contained with its own hydraulic reservoir. It can 
be mounted wherever convenient and will close Type 
LWS rams in from 15 to 20 seconds—fast enough for 


even urgent pressure emergencies! 
37a 
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| YOU 
E LWS 


Here is one of the year’s most 


gate with more-than-ample 
safety for pressure protection 
on quick “‘in-and-out”’ production, 
repair and rework operations 
—yet compact and light enough 
for easy portability from rig to rig. 


EASY RAM ACCESSIBILITY 


You'll also like the “Swinging End-Opening” design 
that permits you to change rams or service the ram 
compartment without breaking hydraulic connections 
or losing operating fluid.(See open view below.) 





Other Type LWS advantages include positive “In- 
Line” Piston and Ram Design, with no yokes, levers 
or complicated connections between each ram and its 
operating piston... Quick-Draining Ram Compart- 
ments with rams traveling on guide ribs high above 
any sand or mud accumulations. . .and still other pres- 





WANT MORE FACTS? - 


This 12 page bulletin illustrates and 
explains the unique Type LWS advan- 


. corrosion problem can best be handled 
: by application of a corrosion inhibi- 
tor, the inhibitor type and treating 

technique must be selected 
Inhibitor types include organic film 
° ’ ° ° formers, usually cationic in nature 
Now on the ollman S airline. ee although nonionics frequently are 
included: inorganic film formers. 
usually anionic; neutralizing agents, 
. usually basic-reacting inorganics; and 
\ “vaporizing” chemicals, usually low 
or boiling nitrogen derivatives. Of 
/ course, inhibitor choice has an impor- 
a tant influence on the selection of an 


application method. 
Relative evaluation of application 
methods is made on the basis of the 


above considerations along with indi- 


on every vidual well factors, suc h as type com- 


pletion, nature of produced fluids, 














produc tion prac tices, et¢ 


Iwentv-one lmportant treating 

\ a methods now are used to control 
s e e 

\ downhole corrosion in all types of oil 


and gas wells. Details ot each of the 
methods including advantages and 


disadvantages are as follows 


between 
1. Continuous pumping of inhibi- 


NEW ORLEANS and tor down the annulus. Feed is reli- 


able and only infrequent attention is 
] 


. HAVANA....... $6220 1a ee . er pe + 


o feed inhibitor into the casing. Rate 


MONTEGO BAY $9540 of feed usually is controlled by fluctua- 


bottom-hole pressure rather 


CARACAS eeee $17 360 than i the pump rate. Also, no high 








tourist fares volume fluid wash is added to insure 

that inhibitor gets to bottom 
Deluxe Royal Service for the ulti- * Bstck tabctcation ec head: 
mate in luxury, At mealtime, Delta dumping inhibitor down the annulus. 
tempts you with a delicious hot break- No equipment is required and effi 
fast or luncheon. There’s complimen- cient use of the chemical is obtained 


tary beverage service, champagne with since circulation can be employed 
' ts =? : . The inhibitor must have “persist 
luncheon, three stewardesses, music, 





fast baggage handling, much more, 


TABLE 1—Available Solutions for Downhole 
Corrosion Problems 


Royal Scot Tourist Service, Delta’s a il cli ee 


reful selection of steels 





name for thrifty travel, provides com- pre Foe 
. ° §. Stress-relieving or normalizu 
plimentary hot meals at appropriate + Avoidance of galvanic effects 
B. Electrical 
hours, same speed, schedules and flights 1. Cathodic protection 
i “Xt nal casin 
as Royal Service. Beverage service is + theta a pace sama aaa 
. ow line sulators 
available, es to il nach n 
all fares plus tax . ih ae , 


gh pump settin 
2. Use of pons. be rod guides 
}. Annulus pumpin 
t. Use of rod rotat 
Well-balancing 
b. Avoidance of pumpin ites which produce 
resonant vibration in the rod 
Tubing anchors 
Annulus sealing 
Selection of pump types and sizing of pump 
ind rods 


For immediate reservations, AIA LINES D. ‘‘Permanent-type”’ protective coatings 
rr I SJactericides and bacteristats 
see your Travel Agent fo ~-+ enengualaalmaaaa 
or call Delta Air Lines 
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for 
high-pressure 
flowlines 


Let your Parkersburg man be your 
“medicine man” in treating hydrate 
formation problems. He can provide you 
with a Parkersburg Indirect Heater 
of the proper working pressure and size 
to eliminate hydrate “indigestion” by 
raising the temperature of high- 
pressure flowing gas. Also reduces 
crude oil viscosity, prevents congealing 
of paraffin-base crudes in flowlines. 
Whatever your problem, your 

best “medicine” is a Parkersburg 
Indirect Heater. 





















Filiowline Indirect Heaters 


1. Simple, rugged and dependable controls. 3. Blowout-proof burner and pilot. 
2. Available in working pressures from 3,000 PSI 4. Standard sizes to 4,000,000 BTU/HR. 
to 10,000 PSI. Larger sizes upon application. 


SEE YOUR PARKERSBURG MAN TODAY! 





RKERSBURG 


RIG & REEL COMPANY 


Division of Parkersburg-Aetna Corp 


PARKERSBURG « HOUSTON + COFFEYVILLE 


PARKERSBURG—The FULL LINE in Pressure Vessels . . . Separators, Metering Equipment, Treaters, Heaters, Knockouts and 
Oil Skimmers, Scrubbers, Hyrecos, Dynamic Adsorption Units, Glycol Dehydrators, Stabilizers. 
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‘“‘wherever oil men gather’’ 





You don’t just walk out and put up an oil derrick. 
No sir. It takes a lot of planning, plotting, sounding, 
and the cooperative efforts of geologists, engineers, 
drillers and oil executives. And it takes a lot of money, 
too; each foot of well may cost a couple of thousand 
dollars or so. That’s why when oil men get together, 
sooner or later, someone will mention financial matters. 
And that’s when, more and more, you're sure to hear 
someone say, “For my money it’s THE FORT WORTH 
NATIONAL BANK!” 


THE FORT WORTH 
NATIONAL BANK 


Helping Build a Greater Fort Worth and Southwest 
MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 
CAPITAL AND RESERVE ACCOUNTS OVER $20 MILLION 
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ency” since usual practice is to treat 


the well only once or twice per week 


3. Batching inhibitor liquid down 
tubing while the well is shut in 
Packed-off wells are treated easily 
and litth or no equipment cost is 
entailed, However, long shut-in time- 
for-fall usually is involved. The 
method is virtually impractical if 


there is a fluid level in the tubing 


4. Pumping inhibitor to bottom 
through a macaroni string strapped 
to tubing. Packed-off wells can be 
treated, and the operatol is assured 
that chemical gets to the bottom in 
the prescribed dosage. The string can 
be installed only when the well is 
being worked over. ‘This type instal- 
lation is expensive, easily damaged 
whenever tubing is pulled and can be 
installed only on completion or work- 


OVC! 


5. Inhibitor injected through a 
concentric tubing string. Production 
is through the small I.D. inner string, 
and inhibitor liquid is pumped down 
the annulus between the two tubing 
strings. The well need not be shut-in 
for treatment and the operator may 
check to be sure that mbibitor is 
vetting to bottom. In addition. the 
installation is nearly automatic. Be- 
cause of the additional string, instal- 
lation cost 1s considerable. Also, in- 
creased linear flow velocity in the 


small string aggravates corrosion. 


6. Introduction of liquid inhibitor 
by wireline dump bailer. ‘‘Persistent” 
inhibitor concentrates ranging from 
90-75 percent active are used. The 
operator is assured that inhibitor gets 
to bottom, and shut-in time is short 
usually less than one hour). How- 
ever, wireline service may not be 
readily available and tubing must be 


full opening to bottom. 


7. Free-falling chemical dumping 
tool. The tool returns to the surface 
and is retrieved when the well is put 
back on production. Application costs 
are low, but it 1s possible for the tool 


to hang-up in the tubing. 


8. Bottom-hole chemical injector 
valve. The annulus is filled with in- 
hibitor solution, and inhibitor is dis- 
placed through the valve by pump- 
ing additional chemical into the top 
of the annulus. The well can be 
treated without being shut-in; how- 
ever, the valve may stick on clog if 
the annulus is dirty or inhibitor is 
thermally unstable. Also, the entire 
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Forged Steel Fittings 
give all these benefits 


Guarantee pressure-tight joints with CAPITOL 
fittings. Army-Navy gauging procedure assures full 
formed threads that will tighten every time. True align- 





ment, through careful inspection, means easier and 
faster make-up. 







The phosphate coating makes all fittings rust- 
resistant, cleaner, easier to handle and free from oil or INDIVIDUALLY PRESSURE TESTED 
dirt. 

Quick identification through color-coded labels 
saves time and reduces errors — Green-2000+, Blue- 
3000= and Orange-6000=. CAPITOL fittings equal 
or exceed the requirements of all published specifica- 
tions including MSS-SP-49, SP-50 and ASTM-A-105. 
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> COUPLINGS 


el 2 
a a 


BUSHINGS * SQ. HEAD PLUGS + HEX HEAD PLUGS ‘ 





¢tings 
oducts . 


2000w 
= st Mill 
SCHED 40- — 


SOCKET WELD REDUCERS & 
CAPS COUPLINGS & CAPS INSERTS 


ed Steel " 











MANUFACTURING CO. 


DIVISION OF HARSCO CORP. 
COLUMBUS, OHIO 
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“TEE TYPE’’ DUPLEX 
POLISHED ROD 
STUFFING BOX—A 
combination Tee and 
Stuffing Box with fe 
male thread to screw 
directly onto the tub 
ing, eliminating one 
threaded connection 
and resulting in a con 
siderably shorter hook 
up. With internal parts 
removed, the Stuffing 
Box body is full open- 
ing and need not be 
removed to pull rods 
In addition to being 
furnished in the most 
used sizes, special 
combination$' of 
threads and outlets 
can be furnished on 
request 


eee 


TYPE ‘‘E5’’ TUBING 
HEAD—This Tubing 
Head is ideal for any 
pumping situation. It 
is economical enough 
for shallow wells and 
rugged enough for 
any depth well, with 
working pressure up 
to 1500 pounds 
Hercules self-aligning 
slips suspend the inner 
string in this Head 
Mandrel suspension 
can be furnished in- 
stead of slips, if de 
sired, at no extra cost 
A neoprene Tubing 
Stripper Unit is also 
available 









roducts in 


ae 


A typical set-up ts shown below in 
Creek County, Oklahoma, using Hercules 
“Tee Type" Duplex Polished Rod Stuffing 
Box and Type “ES” Tubing Head. This 
is an easily assembled, effective and 


economical producing unit 


GENERAL OFFICES AND PLANT * TULSA, OKLAHOMA 
Export Representative Oil Field Equipment Co., Inc. 90 West Street, New York, N. Y. 
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annulus must be filled with inhibited 
fluid before treatment begins. 
Che 


powerful detergent properties and be 


inhibitor used should have 


thermally stable at 
to s00 F 


months 


temperatures up 


for period up to two 


9-10. Dumping of sticks, pellets 
and/or lumps down tubing. Treat- 
ment frequency usually is two-three 
times per week. Long lubricators in- 
stalled at the wellhead permit dump- 
ing of several sticks at a time. These 
heavy solids have a good opportunity 
to get to bottom and little equipment 
expense is involved. 

Disadvantages include: well must 
be shut-in for a relatively long pe- 
riod, tubing stops or storm chokes 
cannot be used, partially dissolved 
sticks may plug chokes and produced 
fluid may by-pass the solids if the 
well has a sizeable bottom hole cav- 
itv or dead-space. 

Some operators use wireline tools 
to hold sticks on bottom while they 


Also 


techniques can be useful in insuring 


dissolve special “listening” 


that sticks reach bottom 


11. Dumping of pellets or lumps 
down the annulus of a well without 
a packer. Chemical usually is added 
two or three times per week. This is 
that 
chemical gets to the bottom of an an- 
a high fluid level. How- 


annulus wells cannot be 


an effective means of insuring 
nulus with 
ever, narrow 
treated because the pellets bridge 
Produced fluid may by-pass pellets or 
lumps if the well has a sizable bot- 
tom hole cavity or dead-space, and 
partially dissolved pellets possibly 
foul 


could pumps 


12. Squeezing chemical into the 
formation. Although 
continuous 


results vary, a 


] 


LaSstI- 


3-12 months should be provided 


formation feedback 
ing 
each time a well is squeezed An over- 
flush of oil that 


inhibitor is into forma- 


1S used to insure 
back 


tion. A pump truck is employed. This 


moved 


method is used successfully to treat 
wells which are packed-off or have 
high fluid levels, and are difficult to 
treat by other means. 

It is not always possible to obtain 
the desired “life” from a squeeze, and 
emulsion-blocks or reverse-wetting 
may develop in some formations. This 
problem has not been as serious as 
originally anticipated. 

Plugging effects of amine-derived 
inhibitors on water-wet cores have 
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Shown above — the new DPC-60 
Single Cylinder Engine-Compressor 
as 





There is enough gamble involved in the oil 
business without carrying it into the producing 
equipment phase. 


« $s) Ss - 
a oie « 


Ajax equipment — engines - pumps - com- 
pressors — have proven themselves through the 
years. 

Dependable — economical — and backed 
- with conscientious service. 
| You may pay a little more simply because 
they are worth more. 

Always a full dollars value in an Ajax 
oe product — always. 


: pantie eet : ae 
DPC-230 Twin-Engine Compressor 


C4 
ye 







| SEND FOR DETAILED ILLUSTRATED TECHNICAL BULLETINS . . 


COMPRESSORS 





AJAX IRON WORKS 


OIL FIELD DISTRIBUTORS: The National Supply Co., Pittsburgh, Pa. 
@ Bethlehem Steel Co. — Supply Division, Tulsa, Oklahoma 


PENNSYLVANIA 





CORRY, 


builders of 
ENGINES . .. PUMPS 


APRIL 1960 WORLD OIL For more data on advertised products, use Readers’ Service Cards, last page 193 








been determined in laboratory work 


as being directly proportional to the 
molecular weight of the amines. 
R Questions also have been raised as 


to whether the primary benefit of a 


a us squeeze is derived from long exposure 
of the tubing to extremely high dos- 

a ee 5 foes . 
a ages of inhibitor-in-oil or from the 


long-term trickle of inhibitor at low 





qMETROL Model 10-CV-01 Vol-U-Meters dosage back into the tubing from the 
metering and commingling oil from four 
separate royalty interests into a common formation. A near-future squeeze 
é tank battery. with a radioactively-tagged inhibitor 


should provide answers to these ques- 


APR tions 


a’. 
~~ 2 : 13. Automatic applicator. The ap- 
; Die. 8 = , , 
ce : ia £8 plicator adds a prescribed amount of 
zi ty pes 
; Tr inhibitor to the annulus at. timed 
§ 


intervals. A flush of a prescribed 
amount of lease water or produced 


fluid then follows. Pumper and con 





tract services are not required and 
small amounts of chemical may be 
added to low fluid level wells at fre- 
quent intervals in which adequat 
circulation is not permissable. This 


method is attractive on inaccessible 


METROL 10-CV-01 Vol-U-Meters meter- location 


ing and commingling oil from seven dual Disadvantages include appli atol 


























j . completed wells into a common tank ia 
: battery expense, the probability that present 
METROL® “C\ VOL-U-METERS ire es ‘ curate eteril 
‘ 1 water b Ss i I i iscl oe equa 
\ es =. 
MI PRO cy VO] \ | LERS ire i i ( Sta S 5 <a 
» ( ( 0 barrels Ss 1 S es P > 300 
H00 17200 ( 1 < ble be About 
\l ic acy ¢ MI RO] > % VOI [ MI I} RS ‘ s pe 
evel « trol i bot are iin ill the 
i \ ( i cs YY i | S i a s 1L¢ 1 the 
vessel’s patented snap-act | t me AnlISI Pilots use I VOL-I 
METERS are rehab if ind react at exact preset upper and lower Author 
Is. VOL-U-METERS DI ! t regulatory bodies for meas 
\ S METROL “CV” VOL-U-METERS is less i 
Jack P. Stanton was educated at 
Central YMCA College and The 
University of Illinois He was en 
\ te 1 ered vol Inamtenance st, 1 tble-t1 peration, eft ploved by The Pur Oil Company 
mt al i pi {101 Sarel ul Ladd) in 1943. and worked in researcl 
’ \l} | \ ? 
“i a | 2¢) . nd | oducing ope S 1] 
dees served both as assistant s perin 
tendent in gasoline plant opera 
2 5 10 20 50 100 200 300 .: = Wess 7 ao 
UNIT MODEL NO. CV CV CV c\ CV c\ CV CV MOMS 1 cs CXas, ANd as a esi 
dent chemist in Pures sulfur re 
Volume per dump, Bbl. 4, 4 1.0 2.0 5.0 10.0 20.00 30.0 = 10 , cai 
Metering Capacity BPD covery-gasolne plant Opt rations il 
Rated 300 500 720 1,440 | 2,000 4,000 8,000 | 15,000 Wyoming. In 1950, he joined Com- 
Maximum 500 650 1,200 1.800 3,000 5,000 12,000 20,000 4 ; 
Avs. Expected Metering mercial ‘Testing and ngineering 
Accuracy, Percent 99.80 | 99.90 | 99.95 99.97 | 99.98 | 99.99 99.99 99.99 Company as manager of the Ouil 
Pesting Department. He joined 
Every Unit is completely assembled, National Aluminate Corporatiot 
pressure tested, calibrated, and per- in 1952 as a petroleum chemist, 
formance tested before shipment. f later becoming manager of new 
. £9 v- products application. In 1956, he 
Pp} 
Competent Sales and Service Repre- UIPmENT CO® a ARE aE” gpg Rei Sa RP 
sentatives located in all major oil ieee, wens Ie ena * 
areas. MELROSE 5-1226 © 4843 YALE STREET ; | . 
HOUSTON 18, TEXAS manager of corrosion control 
*Pat. No. 2,818,738 
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for conventional or 


TUBINGLESS COMPLETIONS 


T iW has desi 


use in both conver 








ed the NEW Type AH Packer for 
ioval and TUBINGLESS methods of 
well completion, Avhete small sizes of casing and/or 


production tubin 





“-I-W Automatic Bottom, which 
ion of tuliing while setting or 





Featuring th¢é famous 





hand rota 
AH Packer 


* hold-down sliy 


eliminates lef 








releasing, th an be fummished with or with- 





out hydraull 
Availabl 
AH Pack 


ing the 





”r 


and P%.” OD casing, the 





for use with 2° 









‘can be set, release™l and fe-set without affect- 





‘ficiency of the packér. Ore piece mandrel and 





ring tyye packing elements proYide fpositive seal against 








V has pioneered in the des and development of 


to effectively reduce well mpletion costs with 






s. Call, write or wire 
today for details on how thoroughl¥ tested T-I-W tools 


can provide maximum efficiency at}minimum costs. 


















































RECOMMENDED 
FOR USE IN 

Tubing Testing 

Single and Dual 
Zone Completions 
Permanent Type 
Completions 
Hydraulic Fracturing 
Acidizing 





AND OF COURSE, THE FAMOUS T-I-W AUTOMATIC BOTTOM : : ; Squeezing 
? | 
TEXAS IRON WORKS }) 





Manufacturers of: T.1.W. Portable Rigs . . . T.I.W. Safety Joints . . TA g 
Rotary and Casing Slips . T.LW. Grief Stem Safety Valves . . . T.1.W. Packers i 
for every purpose T.1.W. Pump Chambers . . . T.1.W. Mudmixers . . . and ~ 


many other oil field tools 








GENERAL OFFICE and MAIN PLANT: 1401-1423 Maury Street, 
P 0. Box 16068, Houston 22, Texas 
Other Shops at Victoria and Corpus Christi 
EXPORT REPRESENTATIVE: Val R. Wittich, 30 Rockefeller Plaza, New York, N.Y 
IN VENEZUELA: Oilfield Sales & Service, $. A., Anaco & Maracaibo 
IN CANADA: Garrett Oil Tools, Ltd., Edmonton, Alberta 
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equipment is not well adapted lo! 


feeding water-insoluble organics and 


the tendency of present equipment to 


foul and become inoperative if inhib- 


itor flushing fluid is not clean 


14-15. Rapid pumping of slugs of 


inhibitor into the tubine or annulus 


by portable “slugger pun ps.” The in- 
hibitor slug is generally pumped into 
the well in solution or dispersion in 
20-30 gallons of diluent. Contract 
abor can be used. but cost is hich 
ind when inhibitor is pumped into 


he tubing with method 15. the we 


GEOPHYSICAL SURVEYS 
GEOPHYSICAL CONSULTING | 








must be shut-in for a relatively lone 


period 


16-17. Spray injecton of inhibi- 
tor into a central header in a gas lift 
system. Inhibitor can be fed continu- 
ously by pump, or periodically by 
automatic applicator or timer-con- 
trolled Smal] 


atomizing nozzles, which operate on 


pump mechanical 
50-100 Psi pressure drop, or pneu- 
matic atomizing nozzles can be used 
This method insures excellent dis- 
chemical in some. diffi- 


Mechanical 


tribution of 


( ult -to-treat SVStTeEMS 





Whatever your geophysical requirements, what- 
ever your program, Empire geophysical personnel 
stand ready to provide the finest service, the most 
comprehensive information, utilizing the most ad- 
vanced equipment and instruments. 

Service is people, and our people provide the 
finest in geophysical service to the customer. 


é, / 
GEOPHYSICAL INC 6000 CAMP BOWIE BOULEVARD® FORT WORTH, TEXAS 
Denver: Midland Savings Bldg 


Midland: 1504 N. Big Spring 
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atomizing injectors are adaptable Into 


low-cost, automatic assemblies for 


treatment of multiple well systems 
Chief disadvantage of the method 

is that little or no chemical is intro 

hus 


the technique sometimes needs to be 


duced below the lowest valve. 
supplemented by use of methods 1] 
or 12 


18. Addition of chemical to power 
oil in hydraulic pumping systems on 
the suction side of the surface pump 
Chemical can be introduced into the 
downhole power oil engine to handk 
corrosion and deposit problems which 
otherwise would cause powell oil en- 
fast-adsorbing 


cine damage. A type 


inhibitor 1s pretet red 


19. Spraying of non-volatile in- 
hibitors into the vapor spaces of sou 
crude storage tanks or sour well an- 
nuli. By this method, more econom- 
ical non-vaporizing type inhibitors 
can be used in preference to non- 
persistent neutralizing-type, vaporiz- 


ine chemicals 


such as low molecular 
weight amines 

20. Periodic pumping of diluted 
inhibitor down the annulus of a sour 
well to coat inside of casing and out- 
side of tubing in the annular vapo1 
space. This method usually is carried 
out by use of a portable, high-output 
pump mounted on a truck. The pump 
must have sufficient capacity to flood 
the cross-sectional area of the annulus 
and insure complete contact of inhib 
itor with all metal surfaces in the an 


nular vapor space. 


21. Inhibiting the annulus of a 
sour, packed-off well by “loading” 
with inhibited liquid. Inhibited oil or 
water (usually diesel oil) is pumped 
into the annulus above the packer 
and the annulus is closed in. ‘Typical 
practice involves use of a drum of 
30-70 barrels 


oil-soluble inhibitor in 


of oil 


In selecting an inhibitor treating 


method for a given well, the opera- 
tor should base his decision on a thor- 
ough study of the individual well 
problems as well as over-all economics 
and results of treating methods in us¢ 
same field or 


in other wells in the 


area. 
lhis based on a 
presented to the Corrosion Control 
Short Course at the 
Oklahoma in 1959. 


arti le 1S papel 
University ol 

The End 
1960 
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Your industry at work 





A monthly roundup of items of interest 
about people, companies and associations 








Reviewing Material From the Oil Centennial 


John F. Campbell 


she IWS 


Dickson 


(center), manager of Field Services, 
some of the material used in the oil industry’s Centennial last year to Wallace 
left), assistant vice president, Federal Reserve Bank of Boston, and presi- 


American Petroleum Institute, 


dent, New England Chapter, Public Relations Society of America. Campbell spoke 
to a Chapter luncheon recently on planning and execution of the Centennial program. 


Looking on is Hugh H. 


leum Council. 


Sharpe, 


public affairs representative, 


Massachusetts Petro- 





CUT STUCK 
SAND LINES 
INSIDE 
TUBING 


KINLEY 
SAND LINE 
CUTTER 






J. C. KINLEY CO., Licensees 


ABILENE, TEXAS—Wudeon- 
BAY CITY, TEXAS—J. ° 
CASPER, WYOMING—C. e* 


CORPUS CHRISTI, 


TEXAS 
Tolle, Ine. 


Eads, 
Graham 
White 


TE 5-5367, UL 


Ine...OR 
ci 


i) an wan 
’ ' 
~ 





GLENDIVE, MONTANA—C. A. White EM -3833 
HOBBS, NEW MEXICO 
Horne Well Service Co.. 5396 
KILGORE, TEXAS 
Davis-Kemp Tool Co., Ine.. 5541 
LIBERAL. KANSAS 
ainbo Service Main 4-3598 
LINDSAY. OKLAHOMA 
Rainbo Serviee Co.. PL 6-2530 
MIDLAND, TEXAS 
Lucceus Service & Eqpt. Co. MU 2-163! 
OKLAHOMA CITY, 0 LAHOMA 
Rainbo Service Co...... ME 4-2131, ME 4-0105 
VIDALIA, SOTSLARA 
Davis-Kemp Tool Co., Ine. . 435 
WHITTIER, CALIFORNIA 
Kline Wire Line Co . OX 3-273! 
WICHITA FALLS, TEXAS 
Hudson-Eads, 322-8584 
WILLISTON, w.! ‘DAKOTA 
kc. ..GR 3-6555 
APRIL 1960 WORLD OIL 


Esso Standard Proposes 
Purchase of International 


Esso Standard (Inter-America) Inc., a 
affiliate of Standard Oil 
Company (New Jersey), has announced 
the terms of its offer to buy the 
standing capital stock of International 
Petroleum Company, Ltd. 
Che offering price is $45, 


wholly owned 


out- 


adjusted fon 


any dividend International may declare 
while the offer is outstanding. The Roval 
Bank of Canada has agreed to receive 
shares pursuant to the offer. The bank 


behalf of 
aS SOOT) 


Stock 


will also make 
Esso Standard (Inter-America 
as transfer has been made by the 
Transfer Agent for International. 

According to a 
to shareholders of 


payment, on 


letter mailed recently 
International Petro- 
leum, Standard expects that the 
offer will remain open for not less than 
months. The letter explains certain 
provisions of the ¢ Companies 
Act under 
all of the 
outstanding. 


Esso 


four 
‘anadian 
which Esso intends to obtain 

International 
Standard, 


International's 


shares ot now 


Jersey owner of 
more than 96 percent of 


stock, has 
cept the offer 


indicated its intention to ac- 


Sohio Petroleum to Close 
Northwest Division Office 


Sohio Petroleum Company will close 
its Northwest Division office in Billings, 
Mont., as a part of its program to in- 
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paddy 


AUTOMATIC 
DRILLER 


1. LONGER BIT LIFE 
2. FEWER TRIPS 
3. STRAIGHTER HOLE 


The GEODRIL Automatic Drilling Controt 
was developed, tested and proved in the 
field by The Geolograph Compuny, man- 
ufacturers of the internationally accepted 
Geolograph Mechanical Well Logging 
Recorder. 

The new, automatic GEODRIL control has 
many outstanding features and offers the 
drilling contractor dependability, economy 
and safety. 

Service for the GEODRIL Control is pro- 
vided by the experienced personnel of 
Geolograph Oil Field Services. Their repu- 
tation for service is backed by over a 
fifth-of-a-century of experience in the oil 
fields. 

When you: drill your next well, 
the NEW GEODRIL Automatic 
maximum drilling efficiency. For addi- 
tional information, contact your nearby 
Geolograph Oil Field Services office. 


GEODRIL, 
_ AUTOMATIC 
DRILLER 


GEOLOGRAPH CD 


specify 
Driller for 








OIL FIELD SERVICES 
276 * Oklahoma City], Oklo. 
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R/M OIL FIELD PRODUCTS 
GIVE YOU MORE USE PER DOLLAR 


R/M VEE-SQUARE’ PACKINGS 
ELIMINATE MUD PUMP 
PACKING PROBLEMS 


Experienced oilmen everywhere depend on R/M Vee-Square 





Packings for greater reliability in mud pump operation be- 


they combine the advantages of non-yielding solid 


packing with the automatic sealing of V-ring design. Follow- 


Cause 


» are some of the ways in which R/M Vee-Square Packings 
can better your operations: 


@ No sensitive gland adjustments ... glands can 
be pulled up tight, as they should be 


@ Prevent blow-by between packing and stuff- 
ing box wall by means of a soft rubber cushion 





@ No rolling or riding the rod 
e@ Automatic sealing through V-ring design a3 


Write for your copy of R/M Products for the Petroleum Industry 


inical packings. 

















R/M POLY-V 
DRIVES 


More Power in Less Space 
... with Reliability 


No other drive puts as much 
extra push in deep hole drilling 
as the exclusive, patented R/M 
Poly-V! Delivers much more 
power than a V-drive of equal 
width...or equal power in much 
less width. Single unit belt design 
eliminates belt matching prob- 
ems in the field 
| entories. Just two belt cross 
sections meet every heavy duty 
drive requirement. Maintains 
troove shape, complete contact 
pressure. Write for Poly-V Drive 
Bulletin M141. 

Convert to Poly-V and be SURE! 


. reduces field 


RAYBESTOS-MANHATTAN, 


NEW JERSEY 


ke Linings and Blocks @ Clutch Facings and Automatic Transmission Friction Parts e Conveyor and Power Transmission Belts 


Kr 


trial Hose @e Rubber Covered and Lined Equipment @ Mechanica! Packings and Gasket Materials @ Asbestos Textiles e Engineered 


Plastics @ Sintered Metal Products @ Abrasive and Diamond Wheels @ Industrial Adhesives @ Laundry Pads and Covers @ Bowling Balls 


APRIL 1960 
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RAY-MAN 
ROTARY HOSE 


Strong + Safe + Flexible 


Special high-tensile steel cable 
wire reinforcement, precision 
wound under tension, gives Ray- 
Man CBL Rotary Hose un- 
equalled strength and flexibility 
for safer, easier handling and 
make-up on the rig. Resists kink- 
ing and accidental crushing in 
transport . holds steadier in 
the derrick without whipping 


even under high pressures of 


deep drilling. Streamlined, built- 
in coupling has no protruding 
lugs or flanges—features R/M 
leak-proof “Lip-Lok” seal that 
tightens under pressure to pre- 
vent blowouts! Write for Ouil- 
tield Hose Bulletin M651. 


PASSAIC, 


RAY-MAN 
BRAKE BLOCKS 


Make Hole Faster 


Long lasting Ray-Man 635-D 
Brake Blocks cost less because 
they wear longer. Made of extra- 
large asbestos yarns, special 
saturant, wire reinforced. Resist 
bleeding, won't glaze or carbon- 
ize. Ray-Man Blocks are avail- 
able in drilled or countersunk 
sets or in the R/M_ patented 
Key-Lok style. Make hole faster. 
Cut cost with Ray-Man. Call 
your nearest R/M_ warehouse 
today or contact your closest 
authorized R/M oilfield equip- 
ment supply store there is one 
located in every major oil pro- 
ducing area. 


INC. 


CONDOR 


LS V-BELTS 
Length Stabilized 


No whip, no wobble, no weave 

no undue stress or V-belt 
turnover on long center, heavy 
duty oilfield drives! Condor LS 
V-Belts are length stabilized to 
give a degree of lateral and 
longitudinal = stability without 
stretch never before possible. 
They're length certified, too... 
measured, tagged and vacuum 
packaged to assure posiiive 
length control and freshness 
from factory to field to drive. 
Condor LS V-Belts come match- 
ed—stay matched to outperform, 
outlast any other V-belt uncer 
the heaviest loads. Write for 
Bulletin M210. 
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HI-FIX offers for the first time a system that is: 


precise, compact, lightweight, highly mobile and suitable for all forms 
of hydrography, offshore exploration, engineering survey, dredging, etc. 





TWO RANGE HI-FIX 
The two-range version gives the maximum 
accuracy obtainable from the system with only 
two shore stations and no /attice charts. 


THE DECCA NAVIGATOR COMPANY LIMITED 


202 


HI-FIX is the answer for those small inshore areas where hyperbolic 
or Two Range Decca is not justified on economic grounds. 
Normal Decca and HI-FIX stations can be co-sited to give the 
precision pattern inshore (lane identified by the normal patterns) 
combined with the long working range of the normal Decca System. 


LONDON 


HYPERBOLIC HI-FIX 
The hyperbolic layout provides a 
high accuracy service for an unlimited 
number of users simultaneously. 


a new offshore survey system operating on 
high frequencies using lightweight equipment 


free from the bugbears of ‘beat notes’, modulated transmissions, multiple 
frequencies, reference stations, wide bandwidths and interference. 


based on the sound principles and employing the same techniques as the 
Decca Navigator System which is now used in its basic forms by more than 
6,000 vessels, to say nothing of the many survey chains throughout the world. 





HI-FIX equipment can be deployed in either the TWO RANGE or HYPERBOLIC forms by deploying 
the master station ashore or on the survey vessel, no equipment changes being required 


ENGLAND 
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Anchor Marks Milestone 


Three owners of Anchor Petroleum Com- 
pany of Tulsa celebrate the occasion of 
the firm’s twentieth birthday. W. A. 
Baden, Anchor president (left), points 
to the ice sculpture symbolizing the 
event as B. B. Blair (center), vice pres- 
ident, and L. F. Rooney, secretary-treas- 
urer, look on. 


Union Oil & Gas Plans Merger 
With Texas Natural Gasoline 


Richard T. Lyons, president of Union 
Oil & Gas Corporation of Louisiana of 


Houston, and John T. Oxley, president 
of Texas Natural Gasoline Corporation 
of Tulsa, have announced that the direc- 
tors of their respective companies had 


entered into an agreement of 
by Texas Natural and Union will 

merged company will be 
Texas Natural Gas Cor- 


merger 
wher 
be merged. Th 
known as Union 
poration 

Under the terms of the 
each stockholder of Texas will 
|! shares of the combined A 
stock of the new company to 
each share of Texas Natural. The stock- 
holders of Union will retain their present 
stock After the effected, the 
company will have outstanding a total of 
shares of its capital stock. 


agreement, 
rec eilve 
and B 


COMMON 


merger 1S 


043.741 
Oxlev will become 
dent, a and a 
executive 


executive vice presl- 


director member of the 


committee of Union-Texas 


continue 


Lyons will as president and 


chief executive officer of the company. 
The board of directors of the new com- 
will include Frank M. Engle and 


any 
necll >. Randolph, both of Tulsa; Wil- 
liam A. M. Burden of New York will 
become chairman of the board and Mark 
J. Mallard of New York 


chairman of the executive 


will become 


committee 


Jade Oil Company Buys 
Admiral Drilling Company 


Jade Oil Company of Beverly Hills, 
Calif., has purchased all producing prop- 
erties of Admiral Drilling Company of 
Houston. The involved 
transaction was not disclosed. 


amount of cash 
in the 
The pure hase in luded 13 wells in the 
Gulf Coast and North Texas areas. Eight 
of the wells are gas producers and five 
are oil. Approximately 
involved in the purchase and this in- 
cluded additional proven acreage 


>O000 acres were 
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nclude an extra safety factor. This engineer's 


t attention to detail results in a casing combination that 


ses efficient, economical and satisfactory service. 


| 


istomers Nave De 


National Tube 
experienced manufacturer of tubular products. Write 


A great many ct nefited from our experi- 


You can too s the world’s largest and 


YIELD 
STRENGTH 


# 


we & * 


Onn 


® 


—I f OV 


\ 


ch 


Of 


INTERNAL 


National Tube 


Division of 


Nat nal Tube Divis on, United States Steel, 525 William United States Steel 
Place, Pittsburgh Pa 
Columbia-Geneva Steel Division, San Francisco, Pacific C 
USS a N 3/ are registered trademarks United States Steel Export Company, New York 
) . . 
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Men in the industry 








R. B. Alcott R. C. Davidson 


peen named employe 


Roy B. Alcott has 
relations manager of 
Tidewater Oil Com- 
pany’s 14-state east 
ern division witl 
leadq larters df New 
York City. Robert C. 


Davidson has beer 





ipp' inted westeri 
division public rela 
tions manacer, nd 


Irving E. Chapman 





has been named as 
tant general mart 
sy I. E. Chapman 
er ot! Vide waters 


tate eastern division 
J. H. Adams, formerly area 


the Shreveport, La., office of The Carter 
Division of Humble Oil & Refining Com- 


engineer in 





pany, has been transferred to Billn 
Mfont.. whi he will assume the duties 
of area engineer of the companys nortl 


i operations Adams replaces 


L. M. Lyon who has accepted a position 

Producing Co-ordination De 
partment of the Standard Oil Company 
New Jersey . R. M. Pitcher remains in 
hi ort replacing Adams as area en 


ll I lol t} Omi ny Ss southern area 


CLI I Ii¢ ( I pth 


Wit the 


Shreve] 


Dr. John C. Reed is scheduled to join 
the Aretic Institute of North America 
in Montreal as executive director in 
Mav. Dr r geologist 
the office of the director, United States 
Geological Survey in Washington, D. ¢ 


Reed IS a senlol St in 


Hugh S. Kelly has been appointed man 
ager of the Product Planning Depart 

ent for Mobil Oil Company, operating 
division of Socony Mobil Oil Co. in th: 
United States and Canada 


Murray B. Quigles, Jr., Union Producing 


Company employe since 1946 and 


member of the firm’s Houston staff since 


96, has been promoted to district drill 
ing and production superintendent He 
ceeds the 


retired Quincey L. Henson. 


Bruce W. Gambill, industrial 
Sinclair Oil & Gas Com- 


relations 


assistant for 


— 


pany, Tulsa, has been appointed acting 


manager of industrial relations, replacing 
C. D. Owens, Jr., who 
New York City 


Porter Wharton, Jr., has Kerr- 
MeGee Oil Industries, Inc., as directo: 


of Public Relations 


joined 


Sam H. Lloyd has 
been ( le« ted a vice 
president of the Blue 
Water Drilling Cor- 
poration. Lloyd has 
served as manager of 
offshore drilling op- 
erations in the Gulf 
ot MMi X1CO 


continue tO Manage 


and will 


the se ope rations 





James Fitchette has 
S. H. Lloyd been appointed man- 
ager of the public 
relations division of the Advertising and 
Public Relations Department for Phillips 
Petroleum Company 
Donald I. Andrews has resigned as dis- 
trict geologist for the Continental Oil 
Company and has become associated 
with the firm of Rodgers, Seglund and 
Shaw Associates, Oil & Gas Consultants. 


K. H. Shaffer has moved from president 
of Standard Oil Company 
of Houston. J. E. Gosline, now vice presi- 
dent of California Company, is the new 
president 


to chairman 


FRANKS boosts punch 


= 








One of the four new Franks Explorer models 
DIAMOND Roller Chain for dependable power delivery. 


For more data on advertised products, use Readers’ Service Cards, last page 


which uses 
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transferred to 











Hugh M. Keeley has been appointed re 
Mobil International 
\frica operations 


il assistant for 
Oil Company's West 


Dr. Hugh H. Horowitz, Erwin H. Manny 
William C. 


Howell, Jr., have been 





of Oklahoma, has resigned to enter the 
general practice of law and will spec ial- 
ize in oil and gas matters. 


J. A. Horner, formerly secretary of Shell 
Oil Company in New York, has assumed 


Peter C. Petroutson has been elected as- 
sistant vice president 
of the Merchants 
National Bank of 
Mobile. He has been 
in the bank’s Oil De- 





il med to associate posts by Esso Research - : ; , 
™ and Engineering Company. All three men the presidency of Shell Pipe Line Cor- + partment since May 
re in the company’s Products Research Pration. 1957. Before entering 
Division the employment of 
is | Joseph H. Morero, vice president of the the Merchants Na- 
¢ Geological Department of Skelly Oil tional, Petroutson 
1€ Company, has been elected a director of was employed by the 
r- the company. Morero succeeds W. K. i Pan American Petro- 
1S Bullock. i leum Corporation 
of P. C. Petrouteon He has a degree in 
D- Jack Raglin, Houston, has been appointed petroleum engineer- 
If to the newly created position of assist- ing from the Colorado School of Mines 
1] ant director of public affairs for Conti- 
nental Oil Company. Raglin was for- Frank Perkins, Jr., formerly district man- 
merly administrative assistant to the pres- ager for Schlumberger in Lubbock. 
ident of Continental Texas, has resigned to do independent 
1S , , petroleum consulting work. Perkins will 
. Selwyn Eddy, vice president of Shell Oil je Jocated in Lake Charles. La. 
, Company, has been elected chairman of ; pe 
d \. M. McLachlin B. V. Barker the West Coast District Oil Information Francis X. Owens has been named train 
s Committee for 1960-61. He succeeds ing supervisor of Tidewater Oil Com- 
\. M. MeLachlin has been appointed W. G. King, Jr., Richfield Oil Corpora- — pany’s eastern division. 
rod tio Mn) ver oO > . ce preside 
2 pany of re fewer Re ge Aesth "Hi oe ta agin _ ' W. A. (Bill) Hover has joined Zapata 
. oc TW, Mee sie tne beter John S. Sprowls, a vice president and Petroleum Corporation of Midland, 
: iamiindinad ten ii = ee denies assistant to the president of The Vickers Texas, as vice president. He will make 
d eS ee. ee a ee ee Petroleum Company, Inc., has been _ his headquarters in Midland at the firm’s 
int 1 the production manage1 . pany, Se : 1 . 
id =f = elected to the company’s board of di- general offices. 
De ay ors 
John H. Wiese has been transf rred fri n _—— L. C. Stevens has been named division 
it exploration {0 | roduction research by G. Curtis Mayes has been named joint vice president for exploration and pro- 
Ly Richfield Oil Company. interests manager for Mobil International ducing of the Los Angeles division, Mobil 
I- Oil Company. He will advise on produc- Oil Company. Stevens will assume his 
M Phorton, general counsel and ing questions relating to the firm’s joint new position on completion about March 


David M. 


manager of Murphy Oil Company 


interests in the Middle East. 


1. 





DIAMOND roller chain 


DIAMOND Roller Chains deliver power with a punch—up to 400 horses—from this new, power- 
ful, self-propelled servicing and workover rig. Dependable power is important. That’s why 
more and more equipment manufacturers rely on DIAMOND Roller Chain for greater strength, 


longer wear and highest efficiency under the most rugged oil field conditions. Specify DIAMOND 





for economy too—your oil field store carries complete stocks. 


DIAMOND CHAIN COMPANY, INC. 


A Subsidiary of American Steel Foundries 
Dept. 485 - 402 Kentucky Ave., indianapolis 7, Indiana DIAMON 


For name of your DIALIOND chain 
supplier, see the Yellow Pages of your phone book 
under the heading of CHAINS-ROLLER. 







OLLER 
HAINS 


® 





TULSA OFFICE: 
2238 Terwilleger Blvd 


Telephone: RI 2-1960 
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Men in the industry 





mn 


Arthur L. Lanckton n appointed 
tive vice | t of Mobil In- 


ik eX w Vice 1) 
ternational Oil Company. Lanckton 

han f tl panv’s staff 

hhict Ih. 
G. M. (Mike) Pennock and J. W. (Jim 
Herod hav: med vice presidents 
vith the Anchor Petroleum Company. 
C. Hayden Atchison, formerly division p 4 tenderson G. F. Bish 
rahi r of exploration to. The British- 
American Oil Producing Company’s Paul L. Henderson has become vice pres 
Southwestern Division in Midland, Texas dent of international production and 
has been promoted to the position Glenn F. Bish has become vice president 
exploration « rdinat ( mpanv s of domestic production fon The Ohio Oil 
offices in Da Company. 





H, 


e Protect the heart of gas lift 


valves with Harold Brown normally 









seated check valves. Available in 
three types—‘‘AM”’ Magnetic Check 
Valve—‘B” Gravity Check Valve 
“S$” Spring loaded Check Valve. 


Gas Lift Check 
Valves Prevent 
Damaging Backwash 


RRR PPR NAR 





il 





Pievvedl 








aeeetdetal 


Type “B” 
Valve 
Non-fouling Drop 


Type “AM” Magnetic Check Gravity Check 
Valve 


Positive Ball Seal 


Type “S” Spring Loaded 
Check Valve 
Spring protected from flow 


Non-weakening magnetic stream Heat treated insert seat 
action Heat treated K-Monel insert and drop 
Insert seat, easily replaced seat 


Made from Monel and high Long life Monel spring 


nickel alloys 


Harold Brown Check Valves fit all standard make gas lift valves. 
Ask your Harold Brown representative to show you all the superior 
features of H-B Check Valves. 


HAROLD BROWN 
COMPANY 


P. 0. Drawer 25047 ¢ Houston 5, Texas 
Phone: JAckson 6-441] 








> 
Hakern 
Brown 


HOUSTON 
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Robert D. Anson, exploration manage: 
for Bell Oil & Gas Company, has re- 
signed his position No 


known 


future plans have 


been made 


Howard Brooks, formerly chief scout 
the Magnolia Petroleum Company befor 


its mergec with Socony Mobil Oil Co., 
has been transferred to Tallahassee, Fla 
as division scout for the Mobil Oil Co. 


]. A, Dykes, attorney at Shreve port, La 
has joined the oil firm of Lyons and 


Lyons. 


Joe Mefford, assistant division produc- 
tion superintendent with the Tulsa divi- 
sion of Sinclair Oil & Gas Company, has 
production 


been promoted to division 


superintendent with the Midland, ‘Texas 
division. He succeeds O. G. Simpson who 
was named assistant division manager at 


Midland 


Williams has 


of the 


Dwain L. en appointed 


district representative 
crude oil supply for Gulf Oil Corpora- 


ontinue to headquarter in 


dom Ste 


tion. He will « 
Denver where he was formerly a scout 


Orville W. Farlow, Jr., sen 
Sinclair Oil & Gas Com- 
Morgan, Colo., production 


district. has been transferred to the Ho 


ior petroleum 
ngineer witl 


panys Fort 


ton division 


George \. Peterkin, 
chairman of the 
board of the Houston 
Contracting Con 
pany, has been 
elected to the board 
of directors of Falcon 
Seaboard Drilling 
Company of Tulsa 


Francis C. Savage 
has been named man 
ager ol! Mobil Inter- 
national’s Distribu- 
tion Planning Tk 


-~ 


G. A. Peterkin 


parti lit 


John A. Bruss has been appointed assist 
of Clark Oil and Refining 


int treasure. 


Corporation. 


Clark A. Gruver has been appointed as 
sistant manager of Mobil Oil of Canada, 
Lid., (Libyan Branch) an 
Mobil International Oil Company. ‘The 


affiliate of 


company headquarters its in’ Tripoli. 


Libva. 


= 
Apache Oil Corporation, has been ap- 
pointed to the imported oil policy com- 


ie ci. Bartling executive vice president ol 


mittee of the Independent Petroleum 
Association of America. Bartling heads 
\pache’s Exploration Department, with 


headquarters in Tulsa 


William M. Cocke has been elected vice 
president and general manager of Cit-On 
Oil Corporation, a dual subsidiary of 
Cities Service Company and Continental 
Oil Company. 
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Let Rubber 
| Take The Wear 


7 in your sucker rod pumps 





It Costs You Less That Way 


Both MARTIN PLUNGERS and MARTIN RUBBER GUIDE CAGES 
are the result of correct engineering to fully utilize the excellent prop- 


erties of rubber. 


In the MARTIN SPLIT RINGS, even the swelling of natural rubber in 
» oil is utilized in sealing the split and tightening the rings in the 
: PLUNGER GROOVES. Resistance to abrasion greatly prolongs plunger 
life in sandy conditions. Slippery when wet means that you have lubri- 
cation, even when pumping all water. Barrel life is increased because 


this material cannot score or gall metal. 


7 For the REPLACEABLE RUBBER GUIDES in cages, oil resistant 

synthetic rubber is used. No swelling can be tolerated here. Resilience 
: completely eliminates the beating action of the ball, and greatly in- 
r- creases ball life. Resistance to abrasion reduces wear on both guide 


and ball. 


CUT YOUR COSTS ... LET RUBBER TAKE THE WEAR... Write 


for our new 1960 catalog. 


JOHN N. MARTIN 
. Waanl 


9 W. BRADY STREET e TULSA, OKLAHOMA 
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Men in the industry 





John F. Curran, ser ttorney at Sun- 
ray Mid-Continent Oil ompany, has 
I \ 


Dr. Edward P. Luongo | ! ntes 
rional medical direct for the Wes 
Coast of Mobil Oil Company. 


\. F. Woodward : : 
PLELEBE Be GRE ROT ATTEN 8 BOL Quilman B. Davis \. L. Ward 
ons, Pacific Coast Division, for Union Quilman B. Davis, formerly secretary 
Oil Company of California. At the sanv ind general attorney for Aztec Oil & 
ime, C. F. Bowden was appointed as Gas Company, was promoted to vic 
sistant to the Vice president I | l } resident and veneral attorney Arland 
f production L. Ward, treasurer was promoted to se 


OILFIELD TRUCK AND FLOAT 


Thornycroft Sandmaster 252’’ wheel base Oilfield 
Truck. Hands-England full Oilfield Body. 60,000 
lb. winch, heavy duty gin poles, winch operated 


gin pole risers and folding SAE king pin 
Hands-England 75,000 Ib. capacity, tandem axle 

Oilfield Float 30’ 0’ long and 9’ 6” wide, folding 

support legs and inverted 36” fifth wheel. 


Truck and Float on Michelin 18.00 x 25. Sahara 
sand tires 


TRANSPORTATION 
EQUIPMENT 





Cee 
OILFIELD FLOAT > uti 
Hands-England 75,000 Ib. capacity tandem axle = 
Oilfield Float 30’ 0” long and 8’ 6” wide, folding 
support legs and inverted 36” fifth wheel 
Float on 11.00 x 20 — 14-ply tires 





OILFIELD TRUCK AND FLOAT 


Scammel Constructor 261’’ wheel base Oil- 
field Truck. 

Hands-England 75,000 Ib. capacity tandem 
axle Oilfield Float 30’ 0’ long and 9’ 6” wide, 
folding support legs and inverted 36” fifth 
wheel. 

Truck and Float on 14.00 x 20—18-ply tires 





== 
/ 


j 





OILFIELD FLOAT 
Hands-England 25,000 Ib. capacity single 
axle Oilfield Float 24’ 0” long and 8’ 0” wide, 
folding support legs and SAE king pin 11.00 
x 20—12-ply tires. Steel stake sides 





HANDS-ENGLAND OILFIELD EQUIPMENT LTD. works Road, Letchworth, Herts., England. 


Telephone: Letchworth 600 Telegrams: Oil, Letchworth Cables: Oil, Letchworth, England 
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retary and treasurer ™ FE. Oldham, in 


dep nae nt veologist ot Dallas. was ¢ lex ted 


a member of the board of directors 


W. F. Fiting, | assistant production 
manager for Humble Oil & Refining 
Company, Carter Division, has been 
named eastern area manager for the com- 
pany with headquarters at Mattoon, II] 
Ile succeeds R. P. Ryan who was recently 
appoint d ven ral counsel and a me mber 
of the board of management of Humble’s 
Carter Division. R. E. Hammond, pro- 
duction manager for Humble’s eastern 
irea operations at Mattoon, will replace 
Kiting in Tulsa as assistant production 


MwA gel 


Dr. R. W. Brauchli, Oklahoma City, has 
been made vice president of Exploration 
and Production for Anderson-Pritchard 
Oil Corporation. APCO has consolidated 
its production and exploration activities 
into a singel department Lhe division 


heads will report to the vice president 


R. E. Griswold has been appointed as- 
sistant to the Dallas Division manager 
in the Domestic Producing Department 
of Texaco Ine. 


Robert H. Park was promoted tO aASSIst- 
ant division manager, Gas Division of 
the Domestic Producing Department of 
Texaco Inc. Also, Erwin A. Gromatsky 
was advanced to chief gas engineer, gen- 
eral manager's office, Domestic Produc- 
ing De partment. Both Park and Gro- 
matsky will be located In Houston 

C. Norman Ramsey, of Birmingham, 
A\la.. has been elected a_ vice president 


of Republic National Bank of Dallas. 


Jack W. Roach was recently named viet 
president-personnel of Kerr-McGee Oil 
Industries, Inc. Also, five members o 
Kerr-McGee’s Production and Drilling 
Operations Division were appointed t 
new posts They include: Charles F. 
Miller, manager of foreign productio1 
and drilling operations; Kenneth W 
Parker, project superintendent, Bolivian 
operations; Burrell G. Taylor, manager 
of Production Department; Harry C. 
Hanna, general superintendent of Pro- 
duction Department, and John I. Fisher, 
who continues as superintendent of gas 


} 


contracts, was given the additional re- 
sponsibility of supervising the Produc- 
tion Department engineering section 


John P. Carnes, district landman at 
Shreveport, La., for Sun Oil Company, 
transferred as district landman to Ros- 
well, N. M. Senior Landman Paxton 
Robertson of Lubbock, Texas, was moved 
to Shreveport succeeding Carnes W. O. 
(Bill) DeWitt, scout at Midland, Texas, 
was named junior landman to fill the 
vacancy created by Robertson. DeWitt 
will continue to have his office in Mid- 
land. Roswell Scout Frank Haughton was 
promoted to junior landman and wil 
move to Abilene, Texas. George McFall, 
draftsman in the Dallas office, trans- 
ferred to Roswell as junior scout. Jae 
Everett, formerly in Sun Oil’s Title Rec- 
ord Department, Dallas, has moved to 
Midland as a junior scout, 


WORLD OIL APRIL 1960 





APRI 


| a superior wire rope 

















on 

ky @ Smoother surface to the wires—In any wire, Double Gray-X will be made in a wide range 

: tiny imperfections occasionally form on the of sizes and constructions to give greater oper- 

ro surface. These “weak links” can cause pre- ating economy and reduced downtime for all 
mature breaking of the wires and impair the types of rope-using equipment. It will be avail- 

. life of the rope. Moly Disulphide helps elim- able soon from CF &I-Wickwire’s chain of ware- 

nt inate any minute nicks, creating smoother- houses and through a network of nationwide 
surfaced wires. distributors. 

iI @ Higher degree of toughness which is essential 

of to longer wire rope life—Moly Disulphide EXTRA STRENGTH 

ng greatly minimizes the friction involved in In addition to longer life, Double Gray-X gives you 

the drawing operation, thus preventing the the extra strength of Double Gray Wire Rope. Made 

on wires from “heating up”. This assures the of extra improved plow steel with an Independent 

\\ orvect physical ve wiies for every wire i Wire Rope Core, this rope gives 15% higher break- 

in COTTEC ~ sical properties lor every wire in ing strength than the catalog breaking strength of 

; Double Gray-X and helps the wire retain its an improved plow steel rope with IWRC. 

C. original toughness. 

ro 7484 

er, 





WICKWIRE ROPE 


ny, THE COLORADO FUEL AND IRON CORPORATION STEELE 


In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque « Amarillo « Billings « Boise « Butte « Denver « El Paso 


ow Farmington (N.M.) « Ft. Worth e Houston e Kansas City « Lincoln e Los Angeles « Oakland « Odessa (Tex.) « Oklahoma City 
ed Phoenix « Portland « Pueblo « Salt Lake City « San Francisco e San Leandro e« Seattle « Spokane e« Tulsa e Wichita 
O. In the East: WICKWIRE SPENCER STEEL DIVISION — Boston e Buffalo « Chattanooga e Chicago e Detroit e Emlenton (Pa.) 


New Orleans e« New York e Philadelphia 
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Men in the industry 





V. C. Scott was promoted to chiel 
ot the Dome ( I I 
f Texaco Ine. 


John R. Puryear has ly dvances 

the position of re Ol t for 
Plymouth Oil Company. Puryeat 

eeds A. Lee Jones who has retired 
Dudley P. Penick was a ted staff 


It -_ — 
vas engineer for Mobil International Oil 


Company in New York. He will hav 
staff responsibility for gas production, 
separation, processing ind iihzation 
all Mobil Internationa I ns 


WHEREVER MEN 


Edwin C. McDonald and Colin W. Web- 


ster were named to the board of Pacific 


Petroleums Ltd. 


Fred L. Hartley, vice president of Union 
Oil Company of California was elected a 
vice president at a 
board 


director and 


seniol 


! ular meeting of the 


company 
of directors. He will executive 
all marketing 


assuli 
responsibility tor opera 


OSs 


L. M. Spleth, formerly division landmat 
in Denver, has been named assistant r 
rional manager and regional landman of 
the southwest reg 


Okla., 


on, headquartered in 
Bartlesville, for Phillips Petroleum 


Company 


SEARCH FOR OIL 


You’LL FIND GLUE DEMON" BITS 





Shot hole drillers the world over find Hawthégne i Bhic fy 






Demon” Insert Rock Bits Sure ‘ 
cost cutters for their exploration 
drilling. 

They know that “Blue Demon” 


in 





Bits, for all-purpose drilling, can pro- 
duce more profiles per drill per day, 
the year around, than any other bits. 
Factory-controlled “on-the-drill” bit 
service . 


.. ANYWHERE .. . helps 


reduce their bit cost per foot too. 
Patented Hawthorne “Blue De- 
mon” Bits have also proven inher- 


ently better for world-wide operations 
because interchangeability of size and 
formation 
same bit body reduces inventory . 
AND vastly reduced bulk and weight 
requirements offer additional savings 
handling, 
-_ costs. 


AVAILABLE IN POPULAR FRACTIONAL SIZES TO 
FIT ALL TYPES OF SHOT HOLE DRILLS. 


types of blades in the 


shipping and. storage 


. WRITE FOR ILLUSTRATED CATALOG 


ames t HERB SATU LIL AGA 





2,859,942 
2,890,020 
2 894,726 


Cabie Address: HAWBsBIT 





Ive. 


os Pr. O. Box 7366 © Houston &. Texas 


262 
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He succeeds ]. H. Sneed who 


transferred to the International Depart 
ment. C. E. Campbell, formerly assistant 
landman in Amarillo, 
was named regional landman, northwest 
region, in Bartlesville, succeeding E. M. 


depart- 


division Texas, 


Gorence who transferred to the 


ment’s Midland, 


lexas, division office 


William A. Walther, 
Jr., assistant division 
production superin- 
tendent for Sinclair 
Oil & Gas Company 
at Houston, has trans- 
ferred to Tulsa as 
assistant division pro- 
luction superintend- 
ent of the Tulsa Di- 
vision. He Suc¢ eeds 
Joe Medford, pro- 
moted to division 
production superin- 
W. A. Walther, Jr. tendent at Midland, 


Texas. 





Dr. Robert Foreman, a member of the 
professional staff at Sohio’s Research 
Center, Cleveland, Ohio, was promoted 
to the position of senior research associ- 


ate in the Research Department 


Frank T. Grassy has been elected a vice 
president of the Great Northern Oil 


Company. 


David L. Campbell, formerly vice pres- 
ident, has been elected executive vice 
president of British American Oil, and 
Clarence D. Shepard, Q. C., general 
counsel, was elected a vice president and 
director 


Vernon L. Mattson, manager of mineral 
development and research at Kerr- 
McGee Oil Industries’ research labora- 
tories in Golden, Colo., has been pro- 
moted to manager of mining and milling 
at the company’s home office in Okla- 


homa City 


Lloyd R. Austin, formerly an executive 
for Standard Oil Company (Indiana) in 
Milwaukee, Wis., has been named assist- 
ant general manager, operations and ad- 
ministration, in the Marketing Depart- 
ment of the American Oil Company in 
New York He will report to i. 
Couglin. 


Lewis P. Blanton has been appointed 
chairman of the Federal Petroleum 
Board. He succeeds Nelson Puett who 
has ‘been on temporary status as chair- 
man, preliminary to retirement 


Darwin W. Ferguson recently was elected 
president and director of Sun Oil Com- 
pany, Ltd. Ferguson replaces Wilburn T. 
Askew who was the first resident presi- 
dent of the company. 


F. Ward O’Malley, formerly with the 
Tidewater Oil Company in Turkey, has 
joined Iran Pan American Oil Company 
as exploration manager. 
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These Dallas-Fort Worth NOMADS Chapter 1960 officers were installed recently. 
Chey are (left to right, top row) R. E. Elmore, Rollo Davidson and Courtney J. 
Berlin, regents. (Middle row) J. A. Kelly, vice president, Dallas; Eric Sutton, 
deputy sergeant-at-arms, and Ramon H. Robinson, sergeant-at-arms. (Bottom row) 
Charles Edd Trapp, vice president-regional; Robert H. McLemore, executive vice 
president; Harry S. Zane, Jr., president; William C. Brooks, vice president, Fort 
Worth, and K. Marshall Fagin, treasurer. (Not pictured) G. A. Holloway, secre- 
tary; T. Gayle Whiddon, assistant secretary, and Webb M. Sowden, assistant treasurer. 





Pulsa Chapter NOMADS officers for 1960 are (left to right, front row) Oscar B. 
Irizarry, senior regent; T. D. Williamson, Jr., deputy sergeant-at-arms; John Pearce, 
third year regent; Paul V. McGivern, president; Harry S. Horton, secretary; 
R. R. Matthews, assistant treasurer; Larry Harper, sergeant-at-arms, and T. M. 
Lumly, junior regent. (Left to right, back row) Floyd C. Cummings, assistant secre- 
tary; W. O. Timberlake, vice president, and E. M. Donovan, treasurer. 





The 1960 officers of the Los Angeles Chapter of NOMADS at the Twenty-First 
Annual Inaugural Ball are shown with the Master of Ceremonies Lee Laird of 
Ladish Pacific Division, standing behind. New officers are (left to right) B. Bronzan, 
McCullough Tool Company, deputy sergeant-at-arms; Willard Goertz, Monarch 
Engineering Corporation, assistant treasurer; P. M. Bowen, Martin-Decker Corpora- 
tion, treasurer; Lester G. Evans, Axelson Mfg. Company, secretary; Charles M. King, 
Baker Oil Tools, Inc., vice president; Tom R. Ashe, Globe Oil Tools Company, 
regent; Taylor Bannerman, Technical Oil Tool Corporation, president; Earl M. Dan- 
iels, Hydril Company, regent; Robert P. Gaylord, Wagner-Morehouse, Inc., regent; 
C. C. Sutton, Oil Well Mfg. Company, assistant secretary, and Jack S. Smith, 
Byron Jackson Tools, Inc., sergeant-at-arms. 


Drilling Company, Tulsa, as vice presi- 
dent, and John J. Robertson of Shawnee, 


Oklahoma Independents Elect 
P. Schultz To Fourth Term 


Paul R. Schultz, president of Blackwell 
Oil & Gas ¢ ompany, 


secretary-treasurer. 


| ulsa,. Was elec t¢ d 


Abilene Geological Society 


fourth term = as president of the ° 
(bidhisda, Alianiaer aun. eae Elects Officers for 1960 

ome tue & Uipectnce Gueeting seconth Louis A. Williams, Sun Oil Company, 
iin up Re ha, ee has been elected president of the Abilene 
; Geological Society. Other new officers 
nicbanecniaan are: Jack B. Ryan, Jake L. Hamon, oil 
Virectors met after convention general producer, vice president; Frank L. Schatz, 
ns closed. Re-elected with Schultz Sun Oil Company, secretary; and Eugene 


E. A. Smith, president of Service M. Goltz, Katz Oil Company, treasurer. 
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We’ve gone 
all out on 


DARCOVAS 


... The Original 
Composition Valve Cups 


Darcova 


Valve Cup 


LE 


of 


Darcova 
Seating Cup 


Darcova 
Seating Ring 


Darcova 
45° Bevel Cup 


P24 Cannes 





... to give you 
unmatched well pumping 
economy and efficiency! 


Darcovas are the truly performance-engi- 
neered valve cups, seating cups and rings. 
Designed to do more than “fill a barrel”. 
Designed to prolong pumping efficiency 
and reduce down-time and maintenance! 
Features include 100% nylon composition, 
range of textures for every condition, and 
complete range of precision sizes for every 
make or size of pump. 


SEND FOR BULLETIN 5502 
And since there’s no substitute be sure to specify 
DARCOVA 


DARLING VALVE 


& MANUFACTURING 
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INCREASE 


PROFITS 
WITH 








REDA 
Submergible 


REDA GIVES YOU THESE 
COST SAVING FEATURES 
AND DOES THE JOB 
BETTER! 


Lower cost for 
installation, operation 
and maintenance. 





250 to 18,000 BPD 


capacities 


Depths to 10,000 ft. 


Corrosion-resistant 
construction 


Long life — dependable 
service 


A complete line 
to meet pumping 
requirements 


INVESTMENT COST IS 
FAR LOWER WHEN YOU 
CHOOSE REDA FOR YOUR 
PUMPING NEEDS 














W rite or call tor mo 1” f rmation 
Reda engineers will be pleased to assist 
and help plan 


your ope rations. 


of OC 
wa OF 2Uay,, 


SV GgMERGg~” 
ad <e\ 


REDA. 


REDA PUMP CO. 
BARTLESVILLE, OKLAHOMA 


Manufacturers of submergible motors and pumps 


for over 35 years — for oil, brine and water 
wells, gasoline and jet fuel — 


Associations 





Houston Chapter NOMADS officers for 1960 are: (Front row) E. W. 


Louden, 


James B. Hughes, B. H. Pickard, all national regents; John W. Gates, president; 


Back row 


Bruce Barkis, vice president. 


J. W. Wallace, sergeant-at-arms; Ken- 


neth P. Morris, assistant treasurer; Bernard J]. Gross, treasurer; Fred A. Christanelli, 
secretary; Beau A. Wendt, deputy sergeant-at-arms, and Terry W. Russell, assistant 


secretary. 


H. V. Howe To Receive 
Highest Award of AAPG 
1] ney \ Howe. dire tol 
f Geology, Louisiana Stat 
Baton Rouge, La., has been chosen to re 
ceive the Sidney Powers Met 

Medal, highest honor in petrol 
a) Ame rican 


Cy ologists 


tf the Scho 


[ niversity, 


Vv, from. the 


will be fo 
Duesday, \pril 26, 
fifth annual meeting of the <% 
in Atlantic City, N. J. The presentatiot 
will be made by Harold N. Fisk, Humbl 
Qil & Refining C 
Dr. How 


this award, which was established by the 


ISOCLALILOI 


pany, Houston 
e is the thirteenth recipiet 
\ssociation in 1943. The award is mad 
in recognition of distinguished and out 
nding contribut or achievements 

] 


ions to 
geology 
AAPG has announced that 


will receive hon- 


petroleum 

Also, the 
the following recipients 
orary memberships in the association at 
Leonidas | 
Hares, 


Barrow, 
Boulder, 


the annual meeting 
Houston; Charles J 


API Honors Four for Past Service 


J. Greenwald, Humble Oil & 


Colo.; Roy Hazzard, Rocksprings, 
lexas; San Knight, head, Depart- 
of Geology, University of Wyoming. 
aramie; Robert B. Moran, consultant, 
Calit and Edgar W. Owen. 


Antonio, Texas 


| 
P 


asadena, 
msultant, San 


Officers and Directors 
Named by Gulf Coast SPE 


The new officers for 1960 have been 
Gulf Coast Section 
um Engineers of AIME. 
They are: Pete W. Cawthon, Jr., First 
City National Bank of Houston, chair- 
an: Wilham M. MeCardell, Humble 
Oil & Refining Company, vice chairman; 
Jack McWilliams, Pan American Petro- 
leum Corporation, secretary -treasuret 
and E. A. Rassinier, Trunkline Gas Com- 
j 


pany, section delegat 


announced by the 


) 
of Petrol 


SOcLety 


he new directors are: J. Don Clark, 
Union Oil Company of California; W. 
Refining 
Company; M. Scott Kraemer, Pan 
American Petroleum Corporation, and 
Gene L. Scheirman, Shell Oil Company. 


The American Petroleum Institute awarded four oil men the “API Citation for 
Service” at the API Southwestern District Meeting held recently in Dallas. L. E. 
Fitzjarrald, API vice president for production, and vice president of Phillips Petro- 
leum Company, Bartlesville, Okla., made the presentations. The recipients included 
(left to right) Tom B. Campbell, J. P. (Bum) Gibbins, Inc., Midland, Texas; Harry 

| N. Stansbury, The Atlantic Refining Company, Dallas; Fitzjarrald; Wayne C. Moody, 

| Sunray Mid-Continent Oil Company, Midland, and W. R. Johnston, Aspen Drilling 

| Company, Albuquerque, N. M. Campbell was honored for his work as district vice 
chairman in 1957-58. Stansbury’s award is in recognition of outstanding service as 
chairman of the API group which compiled the special volume, “Oilwell Cementing 
Practices in the United States.” The award to Moody acknowledges his leadership on 
standardization of subsurface pumps, and Johnston’s citation refers to conspicuous 
service while chairman of the district in 1957-58. 
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ANVIL Brand 
SPECIAL 


CLEARANCE 
TUBING COUPLINGS 


Like al! Anvil Brand oil field 


fittings, the special clearance coup- 


ling shown here makes up fast, 
saves’ time on-site. Consistently 
clean and accurate threads—elec 
tro-galvanized are the reason 
These special clearance couplings 
are painted OVE rall according to 
A.P.I. color code; in addition, they 
bear a contrasting color band to 
indicate grade of string on which 
eat h should be used 

Anvil Brand Fittings—A.P.I. coup- 


lings for all regular oil field appli 
cations, bushings, plugs, and nip 
ples— undergo scientific materials 
testing and continual gaging dur 
ing manufacture. They are sold 
through your nearest supply store, 
whose engineering service to cus- 
tomers is supported by Anvil Brand 
Representatives in key locations 
Writetoday forfurther information 


Home office and main 
plant: Allison Park, Pa. 
4nuil Brand Couplings 
are also manufactured by 
invil Products, Inc., 
Longview, Texas, and by 
Canadian Coupling and 
Fittings, Ltd., Simcoe, Ont., Canada 


Cy 


VNZ 





forged seamiess and 


wrought steel 
pipe fittings 






PITTSBURGH 


E AND COUPLING COMPANY 
ALLISON PARK PA. U.S.A. 





es dia ia iiisinhanatinameccbtinsins, wiles iiss 
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Suppliers’ notes 


R. R. 


trom 





Bob 


assistant 


Willis has been promoted 
to district manager for the 
well logging division in the Oklahoma 
Division, Oklahoma City, for Hycalog, 
Inc.;: W. H. Bradford was made district 
the Oklahoma-Kansas Divi 
sion with headquarters at Lib ral, Kan.; 
F. T. Pittman was upped to sales engi- 
neer in Maracaibo, Venezuela. Jess Gil- 
bert was promoted to district manager of 
the Oklahoma area, 


manager ot 


Diamond |] quip- 


ment Division, Oklahoma Citv: E. W. 
Ferguson has been promoted to district 
C. C. Warren for the Diamond Division at Odessa, 


Pexas; Frank Kruta has been employed 
Lloyd Hymel has as Wvyo., 
| District, with offices at Billings, Mont.: 


sales engineer in the Casper 


been appointed man- 


ager of the Harvey, E. V. Nesbitt has been transferred from 
La., Division for th South Louisiana to the Oklahoma Dis- 
TFuboscope Company, trict office at Oklahoma City, and John 
Charles C. Warren <A. Norwood has been transferred to the 
has bee named = South Louis‘ana District from Oklahoma 
manager of the Lau with headquarters at New Orleans 
, 
rel, Miss., Division John V. Page has been named comptrol 
and ¢ harles Chuck } Gr : T k & Mie Cc Di +s 
Sieh: han knoe lel ol ’ pnaen a x. S- -<* ivision 
a ad of Union Tank Car Company. Page suc- 
ee ee ceeds William Hopewell who resigned 
Charles Shake visio: N. L. Cain has been appointed as field 
. presentative at Williston, N. D., for 
PF. A. W. Anger has been promoted to U, §. Steel’s Oil Well Supply Division, 
vice president of manufacturing and ind A. C. Johnstone has been appointed 
Robert Duff Clark was appointed dir as field representative at Swans Hill, 


tor of research and development fot The 
Axelson Division of U.S. Industries, Inc. 


F. M. Morris has 
president and Vesper Armstrong, Jr., as 
of the Longhorn Sup- 


Canada 


Edgar W. Carne, Jr., has been promoted 

manager of Export Sales for the 
Baash-Ross Division of Joy Manufactur- 
ing Company and 
company's Houston offices. 


been appointed vic 


tarv-treasure! will work out of the 


ply Company. 


secre 


wee 
a ~ 





W. C. Norris Holds Sales Meeting 


Gathered during the recent annual sales meeting of W. C. Norris, Manufacturer, 
Division of Dover, are members of the company’s sales organization. Forty-three 
company representatives and officers attended the event during which new and 
improved products were studied. The three-day meeting was held at the Western 
Hills Lodge, Sequoyah State Park, Oklahoma. Seated (left to right) are William L. 
Butler, president, Tulsa; LeRoy Mitchell, Rocky Mountain Division manager, Cas- 
per, Wyo.; Hamp Brooke, Dallas; O. L. Scott, Canadian Division manager, Edmon- 
ton, Alta.; S. R. Hill, Calgary, Alta,; Bill Black, Casper; M. L. Parker, Odessa, 
Texas; H. F. Nostrand, advertising manager, Tulsa; A. L. Ethriedge, Tulsa; Bob 
Roberts, Corpus Christi, Texas; J. E. Giles, Oklahoma Division manager, Tulsa; 
J. C. Schaff, valve sales manager, Tulsa; Kenneth Hance, Salem, IIL; Gerald Hol- 
leyman, Farmington, N.M.; G. W. Davidson, Jr., vice president of sales, Tulsa; 
D. P. Hagaman, general sales manager, Tulsa. Standing (left to right) J. A. Getty, 
Jr., chief engineer, Tulsa; C. L. Snelling, Gulf Coast Division manager, Houston; 
W. J. Whitaker, West Texas Division manager, Fort Worth; R. W. Clifford, Mid- 
land, Texas; M. E. McKelvey, Wichita Falls, Texas; A. A. Hardy, chief engineer, 
Tulsa; Dan Coates, Denver; R. L. Preston, Wichita, Kan.; W. C. Tolleson, Kilgore, 
Texas; J. G. Russell, Oklahoma City; D. W. Stewart, Midland, Texas; K. M. Cook, 
Central Division manager, Tulsa; R. L. Seale, Lafayette, La.; George White, 
Pampa, Texas; Don Kyle, Hobbs, N.M.; Paul Covard, Odessa; Don Smith, Hobbs; 
Ed Scholl, Ardmore, Okla.; Bud Burney, Odessa; Earl Carpenter, Tulsa; Don 
Durbin, Houston; Bill Peterson, Shreveport, La.; Joel Little, Oklahoma City; Ed 
Chaney, Abilene, Texas; Dwight Maney, Houston; Jim Chambers, Willston, N.D., 
and Gordon Shay, Houston. 
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AP 


Know it by the 
yellow handle 


Use it because it embodies features 
never before combined in a needle 
throttling valve... 


It is the first throttling and shut off valve 
that serves the whole range of pressures— 
from low to 10,000 psi—with equal efficiency 
all the way through. 

It is the valve in which body and stem 
guide are one piece—completely fused into 
an integral leak-proof unit by the exclusive 
Marsh ‘‘Conoweld”’ process. 

It is the valve in which the stem is precision 
machined and ground. Perfect stem align- 
ment and fine threads provide easy and 
precise throttling. Special ““ Marpak”’ packing 
always holds tight; never binds. 

Bodies of the 1900 series identified by the 
yellow handle are machined from high grade 
carbon steel bar stock marked in accordance 
with M.S.S. regulations showing size, ma- 
terial and service. Stems are 416 stainless 
steel. Valves are available in the patterns 


” 1/0 WA ” zs 


shown below; sizes 4%", 4", *%", ’", YH 
and 1” 

Marsh Needle Valves are also available in 
416 stainless steel throughout (identified by 
green handles). Write for bulletins. 

MARSH INSTRUMENT COMPANY, Dept. K, Skokie, III 


Division of Colorado Oil and Gas Corporation 


Marsh Instrument & Valve Co. (Canada) Ltd., Sak 
8407 103rd St., Edmonton, Alberta jlo 
h nearest 


Houston Branch Plant, 1121 Rothwell St., 


Sect. 15, Houston, Texas Yupply House } 


SERIES 1900 


Conventional Marsh 


Construction Construction 
In conventional valve (left) stem-guide is threaded into 
lololeh Murua or- Lal el Mm ol-lor.t-veMmolUh a. Zal-lale'T-107- Mm t-MR ALIN Mme) ol -tal-te Mm 


causing real trouble when pressure is high. Can't hap- 
pen with Marsh design (right). Marsh stem-guide is 
welded to body. . 


:2 88 
h 
sil 
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Suppliers’ notes io G. W. Bone, managing director ot 
Xuston’s associate company Davey, Pax- 
man & Co. Ltd., have jointly becom: 

naging directors of Ruston and 
Hlornsby. Ltd.. following the retirement 
m the managi directorship of Har- 
old) Riggall wt! will remain on the 
ard in a non-ex i apacity S 
( \ hawny » Pr nn so has eCcol 
vic f e Dav Pax 
(il 
Robert D. ¢ rane has Cel ppointed di 
of Purchases and athic for Dres- 
ser Industries, Inc., replacing the retired 
Robert C. Kelley. 
Dan , 
V. R. Prehn (;. W. Bone RB. 1. Jecteond has been appointed vic 
president of Larkin Packer Company, 


. R. Prehn, f leputy til 
V. R. Pret 
{ Ruston and Hornsby Ltd., Division of Koehring Company. 





It’s 23 years old 
and still pumping, 
user reports 











ee = CREO > ye, 


WISCONSIN-POWERED 


UTILITY UNIT 


You bet we’re proud of this service What’s more, as compared to water- 
record. Especially when the user cooled engines, you get the same 
of the Wisconsin-powered unit rugged power but with up to 26 
shown toots our horn. fewer parts and 14 less weight. And 
“Twenty-three vears of service. and you never have to condition an air- 
it’s still a working horse.” boasts cooled Wisconsin for summer or 
Mr. Curt D. Edgerton, Sr., owner winter use. You just start it and let 
of the Curtis Oil Co., Sapulpa, Okla. it run — whether it’s 20° below or 
He bought the 7-hp Wisconsin air- 140° F, above zero. 

cooled Engine way back in March, Take a tip from Mr. Edgerton — 
1937. Now it’s busily powering this specify Wisconsin Engines for your 
Goulds New Pyramid pump. And utility units, Sizes 3 to 56 hp., with 
it still has plenty of life left, he adds. electric starting and choice of fuel 
Here’s working proof that Wiscon- system. And remember, we special- 
sin air-cooled Engines give the most ize in engine power applications for 
hp-hours of on-the-job service. oil field use. 


608 BOUTH MAIN STREET - WICHITA KANSAS 
Oil Field Distributors for Wisconsin 
Engines and all types of Utility Units 


WISCONSIN MOTOR | See EE OM 


CORPORATION 3420 McKINNEY AVENUE « TON TExae@ 
Milwaukee 46, Wisconsin ae 


t Builders of Heavy-Duty Air-Cooled Engines 


Sth on. 


World’s Larges 





ait 





sh 
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Art Morton, who has had extensive ex 
perience in oil field engineering, has been 
named manager of Quality Control by 
Tex-Tube, Inc. 


L. E. Blackwell has been appointed a 
product sales engineer for the Instru 
mentation Product Group of the Texas 
Instrument Incorporated Goesciences & 


Instrumentation Division 


Kenneth P. Goepfert has been named 
managing director of 

Ewin Dise Clutch 
Belgium S.A. of 


Srusse Is, Bi leium. 
Croc pte rt \ I] also 
serve as assistant vice 
president of manu- 
facturing of Twin 


Dise Clutch A.G., 
Zurich, Switzerland 
Both companies are 
subsidiaries of “Twin 
Dise Clutch Com- 
pany of Racine, Wis. K. P. Goepfert 


James M. Leitch has been appointed 


manager of | uropean operations at the 
London office for Continental-Emsco 
Company (G. B.), Ltd. a subsidiary of 


Continental-Emsco Company, a division 
of The Youngstown Sheet and Tube 
Company. 


Wallace L. Reed has been appointed 
manager of the Harley Sales Company's 


Hlouston branch office and warehouse 


Robert Scruggs has been named by Gard- 
ner-Denver Company to head the new 
office recently opened in San Diego. 
Calit 


Paul Lamb has been appointed sales en- 
gineer for Merla Tool Corporation. 


Lamb, a mechanical engineer, has been 
a staff engineer with Merla for five 


Vears 


R. L. Frederick has been appointed to 
the new position of executive director- 
International Division of The Timken 
Roller Bearing Company. Frederick will 
report to HM. E. Markley, executive vice 


president 


John P. DeHetre has been named to suc- 
ceed John M. Tuthill, who has retired 
general manager of sales of The 


Youngstown Sheet and Tube Company. 


William F. Krause, 
ie., has been. trans- 
ferred to the Harvey, 
La.. office of the 
Baash-Ross Division 
of Joy Manufactur- 
ing Company. Krause 
will serve as Gulf 


«iS 


Coast area sales en- 
gineer in Harvey. 
Previously he had 
yeen Mid-Continent 
area sales engineer in 


W. F. Krause, Jr. Oklahoma City. 


William H. Harris has been appointed 
field representative of U.S. Steel’s Oil 
Well Supply Division at Morgan City, 
La. 


i 
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Suppliers’ notes 


John Joss, formerly with Advertising and 
Publications Department of Southwestern 
Industrial Electronics Company, a Divi- 


son of Dresser Industries, Inc., has been 
nnted idi nistrative assistant to 


Leigh Taylor, SIE’s \ presi¢ 


G. E. Nevill has bee: 
f indards in the Product Engineering 
Department of the 


ntrol 


=f 


Equipment Division 
of Cameron Iron 
Works, Inc. This 


ction will include 
i ive repre Cl tion 
f tl ompany on 
] +? 
i di \PI, 
\ss n ot 
\ d iq } Crit 
y ° \l I et re ‘ nd 
G. E. Nevill 
the Manufact rs 


Standardization Society of the Valve and 
litt ngs Indust 


James A. Groves has 


| Mission Man- 


ufacturing Company as sales repres 
for the Ed I Alta il 
Vv. WwW. Wilson, fi v dist t manag 
Ilour | Lane-Wells Com- 
pany, Dresser Industries, 
Inc., has sferred to Healdton, 
Okla., in t . tv. Carl Combs 
een moved from Healdton to Nat 
Miss.. aS GISTrict manage! Ed 
farker, formerly at Natchez, has become 
comp VS dist ct manager at 
Houma. Billy Bolling has been appointed 
‘ Ss enginee! t Lafs yette, La E. G. 
Hornaday is the new field service operat- 
ng engineer in chat of the company’s 
Liberty, Texas, operations. D. H. (Pete 
Wells has assumed the same duties at 
( us ¢ hi l | Xais 
James F. Jenkins has been appointed 
I manager of U.S. Steel’s Oil Well 


Supply Division at Calgary, Alta. Also, 
C. B. Fisher has been appointed store 
nager for the firm’s Swan Hills, Can- 
la, location. William M. Wallace and 
William A. Slocombe have been appointed 
| representative and city representa- 
\ respectively, fon U.S. Steel’s Oil 
Well Supply Division in Calgary 


M. L. Talbert has 
been named vice pres- 
ident-engineering of 
Security Engineering 
Division, one of the 
Dresser Industries. 
Formerly chief engi- 
neer tor security, 
Talbert has responsi- 
bility for all engi- 
neering activities. He 
has been active in 
various Capacities in 
the engineering of 


drilling bits for nearly 
) 


M. L. Talbert 


> vears. 
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Hughes Tool and Mexican Firm 
Reach Manufacturing Agreement 


Hughes Tool Company of Houston 
and Herramientas de Acero, S. A. de 
C. V., of Mexico City, have announced 
a manufacturing agreement under which 
rotary rock bits and tool joints will be 
made in Mexico for use by the Mexican 
oil industry 

Herramientas is a Mexican corpora- 
tion, said to be capitalized for 30 million 
pesos. Bruno Pagliai is president. Thi 
company is building a manufacturing 
plant at Vera Cru 

[ nde1 the agreement, M FE. Montrose, 
senior vice president and general man- 
ier of Hughes Tool said, cones and 


‘new accurate 


bearings will be manufactured by Hughes 
in Houston and supplied to Herramientas 
for installation on bit heads manufac- 
tured in Mexico. In this way, Montrose 
said, Mexican rig operators will be as- 
sured of bits made to the same exacting 
standards as those produced completely 
in the Houston plant. Full engineering 
and research facilities of Hughes will be 
available to Herramientas. 


New Agent Appointed 
By Garrett For Israel 


Garrett Oil Tools, Division of U.S 
Industries, Inc., has announced the ap- 
pointment of a new agent to handle sales 
of Garrett 


Israc 


equipment tn the Republic of 


\ 





More than 1 million tons of mud have been 
weighed by Mud-O-Graf. This experience 
has led to the new, foam-proof, lost circula 
tion-proof model. 

A complete cycle of weighing is made 
every 45 seconds. The weighed sample is 
completely flushed out and passes over the 
shaker before the next fresh sample is taken 

The recorder can now be installed on the 
derrick floor without adverse effects from rig 
vibration on either its remarkable accuracy 
or its general operation. 

Twenty years of experience in the mud 
weighing business has proved that there is 
no substitute for a completely accurate, con- 


WIOMAR, 
A C 
Ww 









Lake Charles 
HEmlock 6-2265 


tinuous chart record of mud weight placed in 

front of the driller. Check these features: 

* A weighing unit that will handle lost cir 
culation material or foamy mud. 

* The sample is taken every 45 seconds 
directly from the mud stream and _ is 
not dependent on pumping to a remote 
location. 


* Each sample is completely flushed, 

* The weighing unit is smaller and easier 
to maintain. 

* Continuous recording on a circular chart, 
where a full twenty-four hours is visible 
to the driller. 

2 


Recording is easily readable and accurate 
to 1/2 of 1/10 pound per gallon 


> WARREN AUTOMATIC TOOL CO. 


3915 THARP STREET »* HOUSTON, TEXAS 
° Phone CApitol 4-2511 


New Iberia 
EMerson 9-9862 


Harvey 
FOrest 6-1441 
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PIPELINE 
TO 
THE 
WORLD'S 
OIL 
CENTERS 












CARGO OR PASSENGER, IT’S KLM “THE OILMAN’S AIRLINE!” 


FROM HOUSTON: direct to Europe, Africa, the Near, Middle and Far East. pr o@ gr 
FROM MIAMI: direct to South America. Daily service. FROM MONTREAL: direct . - 
to Europe, Africa, the Near, Middle and Far East. FROM NEW YORK: direct 

THE WORLD OVER 





to all Europe and beyond; also to Curacao, Aruba and South America. “KLM 
IMPORTANT: Your cargo receives rapid ground handling. Awkward shapes 

easily accommodated. FOR PASSENGER SERVICE: Call your Travel Agent or KLM | ee ‘ 4 
office. For cargo service: Contact your Cargo Agent, Forwarder or KLM office. | \ 4 
KLM ROYAL DUTCH AIRLINES © 609 FIFTH AVENUE © NEW YORK 17, N. Y. - Somes cay eee 


“lve ALWAYS 
preferred 
KING 

GA SWIVELS” 



























Extreme Service 


King Swivels 32GA and 
53GA have been popu- 
lar for many years 
They have proved to be 
rugged, dependable and 
durable, and are in use 
around the world because 
they are ‘‘preferred’’. 
The fact that King Oil 
Tools is the largest manu- 
facturer of lightweight 
swivels is supporting evidence 
of King engineering, service 
efficiency and complete ail- 
around dependability. 


Consistent under 
all extremes of 
temperature 


Prevent galling 

and metal pick-up. 
Create a perfect 
seal. 


INDUSTRY RECOGNIZES KING GA 
SWIVELS BY THESE FAMOUS FEATURES: 
@ ALLOY STEELS assure strength with minimum weight 
@ PACKING is V-type, often called chevron yee 

@ WASHPIPES are seamless alloy tubes, case- ardened and 


ind. 
» Enease LUBRICATION for the packing. 
© MULTIPLE BALL BEARING UNITS provide ample capacity. 
© ONL BATH gry the A 
* Choice of BAIL 
FOR FULL INFORMATION ON "AL —F pons — O08 
YOUR NEAREST DISTRIBUTOR —OR WR 


KING O/L TOOLS 


MADE IN ENGLAND and immediately available to 
oilfields throughout Europe, the Middle and Far East 


PAGET WORKS, PARK LANE, WOLVERHAMPTON, ENGLAND 
Cables: JET-LUBE WOLVERHAMPTON 





i 


P.O. BOX 15146 + HOUSTON 20, TEXAS + ORchard 3-342! 
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Suppliers’ notes 





Raphael Ben Yosef of Tel Aviv, Israel, 
will represent the firm in the sales of all 
including gas lift 
relief 
control sys- 


Grarrett equipment, 


quipment, sleeve equipment, 


valves, lease 


drilling 


satomath 


ValIVes, 


s. motor valves and 


equip- 


ent 


San Diego Supply Company 
Opens New Sales-Warehouse 


the San Diego Equipment and Supply 
Company has completed construction of 
new warehouse and sales office on Mis- 
Gorge Road in San Diego, Calif. 

Specializing in construction, drilling 
nd rock excavation equipment, the newly 
formed firm repre- 

Gardner- 
Denver Company, 
Bay Citv Shovel 
Company and Rock 


sents the 


Bit Division of the 
Fimken Roller Bear- 
Ing Company 

The complete line 
ot the latest equip- 


ment and accessories 


and the comprehen- 





sive parts and service 


J. W. Gallagher 


departments will be 
24-hour assistance 
Also, field 


made avail- 


provide 


emergency 


it ined to 
calls 


assistance will be 


istomel 
chnical 
as an additional 
WwW Bill) Gallagher 


er of the new warehouse and office 


ustomer service 
Is the general 


Delta Tank Opens 24-City 
Oil Field Sales Offices 


Delta Tank Manufacturing Company 
ontirmed establishment of a 24-city 
rk of oil field equipment sales of- 
nd supply houses in nine petro- 
and gas-producing states. 

The network will provide direct man- 
rer-to-customer sales and service 

ra full line of oil field equipment, in- 


ding Delta’s “Drvex” Unit which re- 


rs substantial quantities of raw @aso- 
] 


Duta and propane previously lost 


tural gas streams 


Office locations include Tulsa, Denver, 
Rock Springs and Casper, Wyo., Willis- 
he | 1). Kimball. Neb.. Llobbs and 
Farmington, N. M., Houston, Snyder, 
San Antonio, Dallas, Midland-Odessa, 


Corpus Christi, Pampa and Wichita 
Falls, Texas, New Orleans, Houma, Mor- 
Westwego, Shreveport and 
and Laurel and McComb, 


City, 
| fay tte. La.. 
M 


Howard Supply Appointed 
Representative for Rolo 


Howard Supply Company has been ap- 
nted representative for Rolo Manufac- 
ring Company products in the State 
California. 

Howard Supply, headquartered in Los 
\ngeles, has stores in Bakersfield, Taft, 
Santa Maria, Ventura and Long Beach, 
( ; 
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Phoenix-Rheinrohr Operating 
Europe’s Biggest Press 


Europe’s biggest bending press was 
taken into operation at the Thyssen 
Works at Muehlheim-Ruhr of Phoenix- 
Rheinrohr A. G., Duesseldorf, West Ger- 
many, one of Europe’s largest steel and 
pipe manufacturers. 

The 7,200-ton form 
heavy plates up to a thickness of 10 
inches. The length of the cylindrical or 
conical half shells, which can be formed 
m this press, depending on the weight 
of the plate or bending radius and thick- 
maximum. 
other 
operations after installing the respective 
tools, as for instance for the manufacture 


press is able to 


ness respectively, is 40 feet 


he press can also be used for 


ETRE ene, 
¢ s be Sa. 
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of segments for large spherical vessels 
and _ bottoms. 


Fluid Brake Company 
New Houston Firm 

The Fluid Brake Company, organized 
for the exclusive manufacture of fluid 
type auxiliary brakes, has been formed 
in Houston with offices on Cullen Boule- 
vard. 

Built for rotary drawworks and other 
types of heavy hoisting equipment, pro- 
duction is underway with units 
already in the field. 

Two sizes of the brakes, a series 420 
and series 520, are being manufactured 
by the firm, according to Joe A. Lyne, 
president. 


some 


3 
2 
4 
4 
§ 

















for leakproof, 
pressure-tight 





connections 







SEALING 
COMPOUNDS 


Heat 
proof, 


and vibration- 
non-solvent, 


will _ shrink, crack 
or crumble. Makes all 
assemb li s leak-proof 
and pressure-tight. 
Prevents rust, cor- 
rosion, joint seizure BLENDS 


The super-penetrating 
rust solvent 


LOOSENS 


rusted bolts, nuts, 
screws, ‘frozen’ parts 





Liquid Wrench works 
lutely 
and 


fast...yet is abs 
safe for all metals 






At Industrial, Automotive, 
Hardware, Plumbing Jobbers 


RADIATOR SPECIALTY CO. 





CLEAN OUT 
CHOKING SAND 


Excessive sand and sediment 
holds back your oil. For fast, 
easy clean out with fewer 
round trips and less down- 
time, use world famous Miller 
Sand Pumps. 

SAND PUMP SIZES 
0.D.—2'2, 3, 342, 4%, 5,52, 7 in 
Lengths—20, 25, 30 ft 


Composite Catalog, Page 3400 


iS 


wg Oak Bom 84 wh 





Write for descriptive price list 


“ 


\y 


054% 
“GX 





Miller Sand Pump Co. 


General Offices, Box 4516 
Oklahoma City 9, Okla 


EXPORT OFFICES 


30 Rockefeller Plaza 
NEW YORK CITY 20, N. Y 


i 
3 
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SQUEAKS 


Ni @SCeCeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


From the Bull Wheel 





When It’s Your Time hu 


sband, ce ¢ down the stairs, asked 
isitor to Arizona native Say why she was standing there. She replied, 
whats the death r: d ( handing him the coats, “This time you 
Native Same as anvwl e. | put the childre coats on and I] 
One to a person honk the horn 
Definition of Americans Who Outranks Who? 
People who wish we would go back 1 Phe major looked up fro his desk 
Se 1 it the fin ss private and snapped, 
Site aia Now re 1\ I k vou, in 1\ lian Tif 
\ d Vou witl Hy Ol 
Surprise ... Surprise! at lik 
} reeted } pose” 
Kee oa Aigo: : No ! i I ! I'd s 1 { 
No} 
G Hard esgasen and Suty 
Nev Lh LD | rnival w 
No bear tha i\ 1 Ch Star Spangled 
| \ | ner ¢ l i fluttery 
Um weat g 1) hed ‘inet 
s Cro0d rr irked, “What 
Taking A Giant Step ti Ho » eaath id the 
| Can I h: ; — ies eae 
M [tl RINS Llow 1\ ! snap] 
Jou phase. [Ty ! I I] k lessons 
; Gambler’s Luck 
This Time Vlll Blow Did you hear about the fellow who hit 
\ woman waiting at the door ready 1 it good at Las Ve cas’ He went up ther 
go to the store had her arms full of coats n an $8, ) Cadillac nd back 
nd four little children at her side. Her na $45, Gcrevhound 










EAs ; LINE PIPE COUPL 
7 : “f Ye" to 16”—Seomless, 


PLAIN TUBING COUP 
1” to 4”—Seamless 


EXTERNAL UPSET TuBIN@ Nobuo APL. 


a” 
Y% to 4 


CASING COUPLINGS ALP. 
4" to 13¥e”—Long or Short 
HYDRAULIC COUPLINGS 
eg” to 4”—Seamless : 
a REAMED AND DRIFTED A. 1. Sf 
12”—Seamless 
DRIVE PIPE COUPLINGS 
& to 12”—Se ess 
PIPE NIPPLES £ ; j 
ee All Sizes an : ; 


STEEL BUSHINGS AND 


Merchant and High Pressur@ieg 


i 


—Seamless 


i Types ge 


ie 






WHEELING MACHINE PRODUCTS CO. 


Wheeling, West Virginia 
West Coast Factory: Woodlake, California 


WORLD OIL APRIL 1960 





AP! 


Nosey Relations 


\fter a rather wild date with a charm- 
voung lady, the fellow worriedly 

sked. “Do you tell vour mother everv- 
you do 

She responded. “Certainly not. Mother 


it give a darn. It's 1 husband who 


» TNNCPUISITIVE 


One in a Million 
Protessor Jones, can \ lly who 


the Sphinx 


Student I-I-I did kno sir, but [Tv 
rvotten. 
Protesso1 Garea ns, what a ca 
Lhe only man livi v hie kn WHS, and 
forgotten! 
Amen 
H whi K ¢ \ ad st 
keth by tl | M 
by tl f 


Defend Thy Self 


At the end of the fourth round, the 


Calling All Cars 
Police captain: “So you let him escape, 


Didnt vou obev mv orders to guard 


XIts 
iN MON TE CcOp Yes. Six. we uarded 
ry X H TUS | \ StIp d thr of] 





SECONDARY RECOVERY 


MENG 
Qovev nN 
< *€a> 


@ 
STEPHENS ENGINEERING 


by, a> 
CHITA cars, 1 





RESERVOIR ENGINEERING 
Water Flooding Gas Repressuring 
EVALUATION CORE ANALYSIS 

SURVEYS ECONOMICS 


FIELD SUPERVISION 


379 A7 











DOMESTIC FOREIGN 
KARL A. RIGGS, Ph.D. 
CONSULTANT 


Exploration Geology and Photogeology 
Reservoir Geology and Engineering 
Appraisals and Project Management 
Reports, Petrography, and Research 


FRanklin 1-9803 723 Penguin Drive 
DALLAS 16, TEXAS 
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to Europe 


happiest 
(reyeelesterciaceya 





for him on business, 
for both on vacation 


Starting this spring, you speed to 

Europe, transatlantic or transpolar, with 

magnificent hospitality on the SAS DC-8 

Jet Express. Then you whisk through 

Europe and the Middle East on the SAS 

Caravelle, world’s quietest pure jet. 

And for a gala vacation, you pick from 

100 sun-and-fun holidays in the aaa ss 


stunning SAS brochure, “Treasure te 





Chest of World Travel”. . . free. 
nest of World Travel ome SCANDINAVIAN AIRLINES SVSTEM 
Ah, here is the happiest combination 











In the jet age! At your SAS agent. y 
Scandinavian Airlines System : 
638 Fifth Avenue, New York 20, N.Y. : 
FREE Send me your vacation guide, : 
“Treasure Chest of World Travel.” 
Name casa _ ; 
Address ‘ : — : 
City Se 8 EE - ; 
My SAS Agent is—_—______ _ — . —__—_—__ 
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Division of Geology, Nashville. Tenn.. 


/)) 5) books, maps This report consists of 606 pages. Data 


ire mostly in the form of drillers logs 
// 1 sample descriptions, pertaining to 
A yf holes drilled in 68 ‘Tenn 

— I I l qd sm ennessee coun- 
JA LAS S 1 logs hav been rrouped by 
ounties and. the ounties are ; ange 
ANALYSIS CHARTS FOR THE DE- for single beds from 2 to 50 feet thi mties and the counties are seangan 
MN aipt ! ! n aed 1s an in 


X ma I tl Stats whiict SHOWS 


TERMINATION OF TRUE RESIS- ind for sleeved nsive ranges of resistiv ig. yr: Picton: Sis rw 
1e 


rIVITY FROM ELECTRIC LOGS. ities (Ri. Ru. Re and Ra), holes si de te 
Hubert Guyod and ] A. Pranglin, and invasion diameters. Instructions at | 

e. U. Box lexas, > ipplica data RESISTIVITY DETERMINATION 

I I tor! I Ss . a : > ee - 

Pagar B saageamncough yes FROM ELECTRIC LOGS, Hubert 

sa rye gp Egger ange ges Guyod, P. O. Box 282, Bellaire, Texas, 


as a 
na rhihtiea . field 1 r SIX ré panies 

| BULLETIN 62, WELL LOGS IN TEN.- vl I sed ! sale to the 

leter NESSEE, State of Tenness Depat | his stl ickground 

IR ! ‘ 1) t of Clonservati 1 ( ! ! ssary. fo a) t S ot resis- 
I data tor 
le beds 
\t the 
here was 
nvaded 
ber of 











beds 





7 
ilv- 
RATES: Regular Classified r n t e t ! rd. Minir S's ( 7 a\ \ } sent for the 
g Rit 
al 


Display Classified ads, 
t 1 All classific 
tds payable in advance \ 


ELECTRIC ANALOGUE FOR RESIS. 
































~ ; rls ’ rt Gu O 
HELP WANTED FOR SALE sigs J Lt “gow ’ . 5 d, 
»ON , Beare, exas., 1. 
Miles 1 7 Ov Pips his book was epared in 1958 for 
| SALESMAN WANTED i Mn | This book was prepared in for 
M SIX jor ¢ mpanies as a report sum- 
; : ‘ marizing and analyzing sor of the work 
done with our analogue computer. Thes 
J R LING INT 4 > FOR \l Fede compares | ive now releas d it for sale 
‘33 7 lie gp henge accion to the public. This report comprises two 
om 200-w, ¥ 5 ott. Heesten | parts he first part describes at length 
orough investig of the 
_ 

Normal and Lateral resistiv- 
oe \ Iirves on singh and 1 iltiple beds. 
BUSINESS SERVICE [It discusses tl apparent resistivities, 
es 2 hods of analysis 
for Nos ng 

CABLE TOOL EQUIPMENT ery eS ' 

‘ af cA TiCl il spac 

a l od 
SERVICES 

a LIMESTONE AND DOLOMITE IN 


THE NORTHERN GABILAN 
RANGE, CALIFORNIA, Department 
of Natural Resources, Ferry Building, 
San Francisco, Oliver E. Bowen, Jr. 
‘ tf] lowers for Shought oats and Cliffton H. Gray, Jr., ¢ alifornia 
ee Division of Mines, 50 cents 
. papet describes in som detail the 
SOUTHWEST FLORIST bh. bE. REED eeology of eight square miles of terrain 
30x nta, I in the vicinity of Fremont Peak. Also, 
Bank of The Southwest Bldg. t includes a discussion of the general 
Houston, Texas SITUATIONS WANTED reologic features of the northern Gabilan 


Range, together with a generalized small- 


CA 5-6603 9 Sete se - j . Ms pice = se hoe scale geologi Map 


























x 
Arne oO} n and ey ration } ; . 

Cable Address: ; Regen ge card dete se Work on the individual d posits eXx- 

aaa nts pOSEFGS | tion in the U.S. preferably tend rom 1954 ate 195; > data 

SOUFLO, Houston, Texas eer Ba g- 5.6. pretered ended fron to late 7. The late 

Or n rex presented are complete to Jan 1. 1958 
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